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Preface
The past few years have witnessed a rapid development in the ilefd of

management science. The successful application of management science
models in the fields of business management, military operations research,
traffic engineering and regional planning has encouraged educational
planners to test the utility of such models within the educational environ-
ment. This study represents one modest attempt to contribute to this emerg-
ing literature on the development of mathematical planning models in the
educational field. In this case, a linear programming model was developed
to provide a State Department of Education with on improved knowledge
ba.e to evaluate alternative strategies for the allocation of vocational edu-
cation funds to local school districts.

This study represents nn extension of the recent developments in the
Pennsylvania state-wide comprehensive study of vocational education. The
Pennsylvanio Research Coordinating Unit wishes to acknowledge the as-
sistance provided by Dr. Donald J. WO lower, Professor of Education, and
Dr. David A. Walker, Associate Professor of Quantitative Business Analyses
at the Pennsylvania State University.

This study provides an excellent example of how the resources of a
moor university might be utilized to approach numerous and complex prob-
lems which confront educational decision-makers within State Departments
of Education. The approach of this study is interdisciplinary in nature and
exhibits the integration of theories and concepts from the fields of vocational
education, operations research, educational administration and mathematical
economics.

Since the model in this study was developed with the intention of pro-
viding a generalizable procedure that could be used by any State De-
portment of Education, the Pennsylvania Research Coordinating Unit is

disseminating this monograph to a selected set of educational research and
development personnel. I hope that the publication will prove to be of
some value for other states faced with similar problems in developing
olternative strategies and policies for the allocation of vocational education
resoumes.

May 20, 1970

Jay Smink, Director
Research Coordinating Unit

for Vocational Education

vii
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Chapter One

Introduction

The reality that education is the second tarot single contributor to the
Gross National Product in this country has been emphasized in recent litera-
ture. The expenditures of the Vocational Educotior. Act of 1963 represent
a portion of this contribution. For example, Benson shows thot the 1967
expenditures for educalion administered by this act exceeded 225 million
dollars.1 In Pennsylvania alone, Arnold calculates that in the some year
this act provided the state with more than 13.8 million dollars for the devel-
opment and maintenance of vocational education programs.' Public expen-
ditures of this magnitude place an obligation on State Departments of
Education to adn1:nister funds according to state plans which are based an
sound financial management, a knowledge of the economics of demand and
supply, and an understanding of the organizational structure of its educa-
tional instituticns. These elements Liken collectively form a basis for voca-
tional education program planning at the state level which is the concert
of this Investigation.

1.1 An Overview of the Study

In this Investigation an educational planning model was developed to
provide a State Department of Education with o set of guidelines for the
efficient allocation of vocational funds to public school systems. Following
its construction, the model's utility was illustrated by applying it to Penn-
sylvania data. It should be noted that, although the Pennsylvania Depart-
ment of Education does have a state plan for administering these funds,
this plan did not utilize quantitative economic theory, nor did the plan give
sufficient consideration to the relationships between public schools and other
educational Institutions within a labor market. The development of the
model was based on both of the above considerations.

In the Investigation, all testing of the model was based on a set cf occu-
pational training programs within a given Labor Market Area (IMA) of

'Charles S. Benson, the Economia of Pub Et Education, Second Edition. (Boston: Houghton
MURIA, 1969), P. 214.

'Wolter M. Arnold (ad), llccationof, technicof and Continuing Education in Ponnsylronlar
A Syrr.ms Approach to State-load Program Planning. (Harrisburg: Pennsylvania Department
of Education, 1969), p. 6.
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Pennsylvania .° It was demonstrated that the model provides a generalizable
procedure that can be applied to all labor markets in the state In fact,
since labor markets as:. federally defined subdivisions and since schools
across the country exhibit similar organizational characteristics, this model
should provide a procedure with some level of application in any state.
The generalizability of the model is also enhonced by the fact that the
administration of vocational education programs in every state must follow
the regulations set forth in the guidelines provided by the U. S. Office of
Education's

1.2 Educational Planting

Since the prime objective of this investigation is the construction of a
educational planning model, it seems appropriate that a section on dr ve;.
opments in educational planning should be included in the introductory
chapter. Tha discussion focuses on recent developments in the literature
and is divided into three parts. These are the necessity and scope of edu-
cational planning, present planning me,hods, and models and mathematics
in educational planning.

THE NECESSITY AND SCOPE OF EDUCATIONAL PLANNING

The necessity for additional knowledge about educational planning and
its importance to economists and government personnel as well as educa-
tional administrators is evidenced in the articles of the 1967 World Year-
book of Education.' This publication is devoted entirely to the topic of
educational planning. Other recent educational writers such as Hartley,8
Davis,? and Bangharts concur on the necessity for additional knowledge
about educotional planning. Hartley advances the notion that general
systems theory could provide the conceptual framework for studying the re-

' For a description and definition of UAA's set U. S. Deportment of Labor, Ha tdbock
Defining lobar Marini Aries, Employment Security Research Methods, KS No R 186,
(Washington, D. Cr bureau of Employment Security, 1960).

For example see th proposed regulations for Lse, by Stale beards for Vocational Eckco-
Hon In Vocational Education Ad of 1963 as Amended by Pale One of the Vocational Edu-
cation Amendments of 196411Ragufotions for State Plan Programs, (Washington, D. Ca
bureau of Adult, Vocational and Librory Programs, U. S. Office of Educations Department
of Health, Ed: cation, and Welfare; April, 1969).

`George Z. bereday and Joseph A: laufwerys (ids.), The Work' Yearbook of Education
1967r Educational Planning, (London: Evens brothers Limited, 1967).

Harry Hartley, Educational Planning-Progromming-Budgeting: A System. Approach, (Engle.
wood Cliffs, New Jersey, Prentice-Hall, 1968).

'Russell 0. Dash, Planning for Hurnon Resource Development, Educational. Medals and
Schemoto, (Chicago: Rand McNally, 19661.

'Fronk W. bonghort, Edecationol Systems Anelyes, (Toronto: Collier-Mockiilian, Canada.
1'45?).
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lotionships among educational variables and a progrom-planning -budgetina
system (PPBS). Banghtut recommends new and more extensive use of the
computer to assist in that decision-making process, while Davis points out
the need for using the economically based human resources opproach In
educational planning.

While the necessity for additional knowledge about educational planning
is widely accepted among scholars and administrators, the same level of
agreement does not hold for its definition. Coombs states:

There does not exist as yet any simple and generally agreed
definition of educational planning. This is perhaps a good thing,
for it is still too early in the career of this young subject to stunt
its growth by verbal constraints. Nevertheleu, there does seem to
be a rapidly emerging consensus of opinion concerning the gen-
eral character, desirable dimensions, and primary functions of
educational planning as applied to the kind of situation in whih
most nations find themselves today.°

Parnes notes:

Where general economic development plans exist, it is clear
that educational planning must be related to the overall produc-
tion targets established by the economic plan. But even in the
absence of economic planning, education is in oll countries pri-
marily a public responsibility and decisions with resreci to the
amount on nature of educational expenditures are continuously
being taken by public authorities, presumably in terms of some
conception of the social goals that ore to be served. in a sense,
therefore, there is educational planning under any circumstances,
and the only question is how rational or scientific it is to be."

Finally, Anderson and Bowman define educational planning as "the process
of preparing a set of decisions for future action pertaining to education."11

The need for integration of educational and economic planning to pro-
vide patterns for efficient allocation of scarce resources is, however, one
Idea that does not suffer from a lack of agreement among educational
planners. This agreement is noted by Chlrikos and Wheeler who states

. . . recent years have witnessed an increasing emphasis on
the need to design educational policy in relation to an overall
set of objectives for economic and social development. This stems

'MI14 M. Coombs. "What Do W. Still Hood to Know about Edvcationol Plonningt,"
to gorsday and tavfonoryt, op. cif.. p. 56.

lorloort S. Pones, forotoc.ffig rdoaldionof Newts fa famook end Social DaylepannP,
Paris: The Orpon120110/1 For Econornk Cooperation end Dowoloprfinnt, 1962), P. 9.

nit Arnold Armteam and Aar !eon bowman, "Thoorstisol Constdorotions In Educe.
Honed Planning," In Don Mont (ed.), &la-alone flaming, (Srem.: Sytocoss Unirorelty,
School of Education, 1964), p. 9.
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principally from research carried out during the past decode on
formation of human capital and sources of economic growth."

Hence, a comprehensive plan for the allocation of resources for vocational-
technical education programs should not be developed independently of
economic demands.

PRESENT EDUCATIONAL PLANNING METHODS

While the need for the utilization of economic theory and method in
educational planning is well documented in tho literature, agreement on
its most efficient and proper use in relation io educaiional organizations is
not so clearly defined."

In terms of application, however, one general group of methods can
plan an important role In developing resource allocation models designed
specifically for vocational-technical education. This group is generally re-
ferred to as the manpower-requirements approach. 1 he widespread use of
this approach started to accelerate in the early part of 'he 1960'S.14 A
review of the literature in the manpower-requirements approach and its
utility as a tool fur educational planning can be found in the following
chapter.

MODELS AND MATHEMATICS IN EDUCATIONAL PLANNING

During the past few years there has been a rapid develc.,-ment of the
field called management science (not to be confused with the older tradi-
tion of "scientific management" In the sense of time aid motion studies)."
Management science models, which express the organizational environment

'Thomas N. Ch hikes and A. C. Wheeler, "Concepts and Techniques of Educational Plan-
ning," "Review of iducationol Research, 38: 265; June, ivea. For a discussion of the
relationship between educational planning and economic growth WI the extensive bibli-
ography pri.vided by Mark Slaws, Economics of Education, A Selected Annotated ea&
ograPhy, (Oxfords Pergamon Press, 1T65).

"A general review of a number of planning methods con be foind In William 0. Bowen,
Economic Aspects al Fdveation, Princeton: Princeton University Press, 1964); Mast 1111608,
"Approaches to Educational Plonning," Economics Journal, 77s 262.287 and Chlrlios and
Wheeler. op. r"., pp. 264-2,6.

`Almost ivory recent Ubllography on the economics education, Including the 1967 and
1968 Issues of the Review of Educational Reseorck point to two molor works as representative
of the manpower-requirements approach, these are Paroles op. et. and The °itemisation
for Economk Cooperation end Development, Econometric Moiels of Edvceriont Sense Ap-
plications, (Pads: OECD, 1965).

'The diuression on monegement Krone. M lids section is based on Karl A. Fox, Fronde P.
McComley and Yakir Pioneer. Formulation of Management &deice Models for Selected
Problems of College Adrdnisfrotion, U. S. Department of Health, Idocation, and Welfare)
ORka of Education, Final Report Control No, 000-3-606110311, (Ames, Iowa; Iowa State
University, 1967).
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and its dynamics in mathematical relationships, have successfully been ap-
plied in the fields of business management, military operations research,
traffic engineering and regional planning. Although the utility of such
models has been proven in the areas listed above, Fox and his colleagues
observe that academic administrators are making little use of these modern
scientific approaches. He mentions that not all aspects of academic life
are or should be subject to quantification; however, he claims that many
decisions are made by administrators which affect in quaotitative ways the
'Input" and "output" of the educutional process. In this work, fox and his
associates build a. d 1.3monstrate the efficiency of three management science
models which can oe applied by eaucational planners to the problems of
resource allocation In a university.

Correa, reviewing the current status of mathematical models in educa-
tional planning, offers one explanation for the lack of adoption by educa-
tional planners. He notes:

. models must be and have always been used in educational
science and planning, but that mathematical models are an inno-
vation. Probably many educationists and educational planners
will find this statement unacceptable. The only reason for this is
that must model-builders have been busy constructing models in-
stead of explaining what models are."

Hence, it seems inr.t.ntive to describe what models are. Hagget stain:

In everyday language the term model has at Last three differ-
ent usages. As a noun, model implies a representation; as on
adjective, model implies ideal; as a verb, to model means to
demonstrate. We are aware that when we refer to a model roil -
way or a model husband we use the term in different senses....
In model building we create an Idealized representation of reality
in order to demonstrate certain of its properties."

It should be mentioned that models and mathematics
term. 18 Educational models without mathematics are
entific analysis of behavior in education."

ore not synonymous
often utilized in sci-

°Hector Correa, "Models and Mothernaffes In Educational Planning." In bereday and
Lowfwerys (eds.), op. cat., p. 398.

"Peter Hagget, tecaficn Anotysis In Huron Geography, (London: Edward Arnold Pub-
lishers, 1965), p. 17.

''Russell Ackoff describes Ouse types of models (rank, onaloaue and symbolk) in
Se lentlfte Atoka& Optinde Jog Apprntd Reword' Diseistons, (New York, Jelin Wiley and
Sons, 1962). Rickard Cheeky carries this densification process further and creates a 'model
of models' In "Oeogropky and Anakipre Theory," Annuok of the krockffon of American
C.nograpkers, 541 121.1371 1961. He classifies models as snaffle/notice, exporretefol er
natural. inatIteleatIcal enodek are further classified as stockastie or deterministic.

°Sea the treatment of models of organizatiens in Willard IL Lone, NI al, foundations
of Educetionel Adminktreiont A lokevieral Anofrer, (New York: Atwell Ian Co., 1966),
pp. 39-16 and Ilse !Wrest* dted therein.
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Up to this point, the treotmeni of models and mathematics in educa-
tional planning focuses on three points. These are: (I) management s.ience
models (mathematical models) are innovative and are not widely utilized
in academic administration, (2) an explanation of the concept of a model,
and (3) the distinctions between models in general and a specific subset
of models; namely, mathematical models. In the concluding parographs of
this section, a selected set of recent developments in mathematical planning

models is presented. This should demonstrate some of the capabilities and
also the range of applicability of mathematical models to educational
planning. A more comprehensive treatment of planning models that are
related directly to this study is deferred until Chapter Two.

Correa provides educational planners and administrators with a maths-
maticcil model to help the decision-maker formulate a set of parameters
for the distribution of resources between general and vocational education."
Cohn uses a set of mathematical models to develop economies of scale for
an Iowa sample of 377 high school districts.2' Bruno uses a linear program-
ming model to determine a school district salary schedule w sl-h can meet
specific teacher union and school board demands.?' Stankard and Sisson
developed a model to simulate the operation of a large urban school dis-
irict.23 in this case, one result of the simulation is to portray various condi-
tions such as staff salaries, space per student, and students per staff member
and, then, to estimate the financial requirements and operating statistics
for each condition. Projections could then be made of the cost of operating
the schools 'ender various sets of policies.

For macroeconomic educational planning, several mathematical models
hove been published by the Organization for Economic Cooperation and
Development (OECD)." These models are almost exclusively of the man-
power requirement variety and have been designed to operate at a national
level. Since education in this country is a state function, similar models
are not commonly developed on a national level.

"Hatter Correa, "Opthntn Choke lessen Oeneral and Vocattorei Edoceiton," Kykloc,
111: 107-113: 1965.

nEkhonan Cahn. "Economies of Scale In Pura High School Operations," The Journal of
Hyman lesovrrel, 423-419, Fall, 1961.

"fawn E. bona, "Using Linear -tagrananing Salary Fro luatTon Models in Collective
lorgaining Wegetistione A hh Teocher Unions," Secre-Eromernk Planning Steam, 3: 103.117,
1969.

'Mari% Sionkud and Roger I. Sisson, Oparei;ent tieeersh end lingrerod Phnning for
an Urban School &skid: tellnigons end a Snoviation Model, (Philadelphia: Manotemerd
Salute Center, Unhmrstty of Pennsylvania, technical Memo #11667, 19671.

"Thaw OECD pubkosiont are en ovNnod in Chtracee and Wheeler, op. eft., pp. 244276.

6
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The types at mathematical models currently used in this country for edu-
cational planning are briefly discussed in Kraft." A survey of econometric
models applicable to the educational system can also be found in Fox."
The mathematical planning models described above offer the reader some
insight into the wide range of applications of these models in educational
planning.

1.3 The Need for the Study

In this section the discussion on the need for the study will be extended.
It will be demonstrated that the research is timely and also that the results
of the study can make a contribution to the existing literature on vocational-
technical education program planning at the state level. The section is

divided into four parts which focus on different aspects of the problem.
These topics are: (1) the emerging role of State Departments of Education,
(2) the future role of Divisions of Vocational-Technical Education, (3) long-
range state plans, and (4) the survey of the states.

THE EMERGING ROLE Of STATE DEPARTMENTS OF EDUCATION

The structure of the United States educational system can be briefly
summarized as a federal state -local partnership. In on effort to gain a new
perspective on how the State Deportment of Education (SDE) might
strengthen its contribution to this relationship, investigators at the University
of Chicago have conducted research or. a number of SDE's and have pre-
sented their findings In a seminar held during the summer of 1966. These
results are summarized by Campbell who outlines a model for the emerging
role of the SDE." In general, the model suggests that SDE's should have
less preoccupation with regulations and more concern with leadership. Spe-
cifically, these leadership functions should include services which are rele-
vant to the needs of local school systems and should be based on systems
management rather than merely reflecting experiences In school administra-
tion.

Roe, depicting an SDE operating in 1980, claims that their services will
Include application of up-to-date and tested business management techniques
and suggests that SDE personnel will program computers so that contempo-

"Rkhord 11. Kirsh (ed.), Strstegiss of Educational Planning: Proceedings of the Second
Annual Conti/nil'. on the Ecenonics of Education. (Tallahassee: Educofionol Systems De-
velopers'', Center, Thu Made State University, 59691.

"Karl A. roe and J. K. Sengupta, "The Specification of femur-11*k Models for Planning
Educational Systems" An Appraisal of Alternative Appraoches," if)lkins. 21: 665-693/ %PAL

r Roald P. Compbell, "Thu reneging Role," In Roold F. Campbell, Gerold E. Prowls and
Donald IA. torten (gds.), Strengthening Slats Deport/Penh of Eriecotion, (Chkagn: The

Midwest AdminIshation Center, The University of Chicago, 1967), ,,p. 76-92.
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/Tory information dealing with education requirements will be readily avail-
able.28 Rack ley and Carroll assert that:

. . while the educational plannina is growing more complex
and it :earingly involves such otht vernmental agencies as
health, welfare, the United States Ofncu of Education, etc., it is

the responsibility of the state education agency io coordinate the
educational effort within a state."

Culbertson saes the SDE of the future:

... serving as an interpreter of quantitative data on education
and of Important state and narianal studies which bear upon and
have implications for educational planning."

Clearly, if the son of the future are to adapt to the changing role they
must play in the federal- state -local partnership of the future, the develop-
ment of management science models built to reflect the properties of the
educational system must become an integral port of their planning
procedures.

THE FUTURE ROLE OF DIVISiONS OF

VOCATIONAL-TECHNICAL EDUCATION

A more immediate concern of this study Is the future activities of a spa..
cifc subdivision of SDE, the Division (or Bureau) of Vocational-Technical
Education (DVTE). The future leadership role Ihot DVTE can ploy in the
federal-state-local partnership of the education system is clearly outlined
in a recent publication by The Ohio State University Center for Vocational
and Technical Education." This report contains nine background papers on
major forces and factors relevant io SDE operations and three papers
prepared by individuals responsible for synthesizing the various viewpoints
and drawing major implications far the emerging role of the DVTE.

Rice translates the inputs of these nine papers into speciFic functions that
DVTE's con perform." He concludes: (1) DVTE's should be concerned with
developing data systems for educational planning purposes and these data

William H. Co.. "The Sane Education Agency of the Future," In Edgar L. Morphs, and
Charles 0. Ryon WO, DoegnIng Edvconen for the fuhrip: Planning and Effecting Hooded
C.Song.s in Education, (Now York: Citation Pre's, 1969), pp. 246.260.

*J. Ralph Rerkley and Donald M. Carroll, 'Supplementary Statement'," in alorphet and
Ryan, op. cis., p. 290,

*Jock Colborroon, "Sato Planning For Education," In Morph*, and Ryon, op. cit., p. Rel.

"Dick C. Rise and Powell 5, Toth (ads.), The Emerging Role of Pot. fdocetion Deport-
roonts with Spocige Impticeticuis for Divisions of Vocational-Technical Education, (Columbine
The Center For VotallanalTechnkal Education, The Ohio State Untvenity, 1971).

*Dick C. Rico, "bat* Education Departments and Vocational-Technical Education,' in
Rica and Toth, op. aV., pp. 333 -374.

8
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should include Information such as manpower needs, cost of training pro-
grams for different occupations, and follow-up statistics on graduates, (2)
the DVTE's should forge stronger cooperative ties with other local, state, fed.
eral and private agencies concerned with meeting the increasing need for
vocational education, and (3) DVTE's should sponsor in-depth studies to de-
termine the existing real situation and to develop effective strategies for in-
fluencing the stale legislative process.

The Stanford Research Institute, commissioned in 1967 by the USOE, ex-
amines the existing planning and allocation process for vocational-technical
education in six states and eleven communities. The position papers and
the results of this project ore published and edited by Kotz." The recom-
mendations that follow Include those summarized by Rice as well as others
relating specifically to the economic ospects of vocational-technical educa-
tion planning. Katz notes:

(1) Programs funded by the Vocational Education Act of 1963
should be required to meet tests of economic efficiency. Analytical
studies should be conducted of alternativu ways of achieving
objectives and goals, using benefit/cost and systems analysis
techniques.

(2) The basic concept of and new approaches to decision theory
and PPB (planning, programming and budgeting) co a systematic
basis should be adopted end installed by all governmental juris-
dictions having major responsibilities for the allocation of resources
for occupational education.

(3) Goals should be stated In quantitative terms cod re;oresent
the final purposes of the occupational education process. illustra-
tive of goals stated in such terms could be the number and percent
of college-bound students who should graduate from secondary
schools with academic diplomas Output goals could also be stated
in such quantitative terms as tho number and percent of fully
qualified students to be graduated from specific occupational
course sequences and placed in jobs. Progress toward attaining
these goals should be measured.

(4) Major objectives should be clearly Identified and priorities
for them should be established as a guide to program development
and cilocation of resources at the state and community levels."

It should be noted that Kotz aims these recommendations at vocational-

" Arnold Kett (a.), Cktupanonal Education, ronring ea Programming, Volum" Ono
and Two, (Manic Park California: Stanford Itamorch instKit, Sal Pio*/ No. MU-6137,
1967).

"ibid., pp. 7-15. Additions! disamsiont obeys the alloca6on of roswureat In tweationot
Nankai education planning con be found In J. Robert Wortrrod, Rorie* end Synthesis
of itomirch ea the Economia of VoctAiefiel fdect;on, (Columbvs: The Center for Vocational
and Technical Education, The Ohio State university. 1967).
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technical education planners in federal and local levels as well as to DVTE

personnel.

Lee has recently completed a study of the role, organization and admin-

istration of vocational education at the state level In 41 states." Based

on the results of this study and a review of recent research in vocational

education, Lee and Hardin identify certain shortcomings of vocational edu-

cation planning research. They conclude that "the policy and policy mak-

ing arrangements responsible for introducing change into the system'

need for more attention In future research efforts."

At this point the implications of the research for the future role of the

DVTE are clear. OVTE's must: (1) provide vocational-technical educatie.1

planners at the local level with accurate information on manpower needs,

(2) develop and apply decision theory models to the problem of resource

allocation at the state level, (3) communicate vocational-technical education

needs to the oppropriote government decision-making agencies, and (4)

cooperate with the private education sector and other governmental agencies

to develop a systems approach for labor demand and supply relationships

within the stole.

LONG-RANGE STATE PLANS

Based on recent developments in vocotionaltechnical education at the

state level, it can be shown that this Investigation is both timely and ex-

tremely useful for assisting SDE's to develop their long-range plans. For

example, on the local level, Nu* shows that enrollments in vocational

programs increased from 349,000 in 1964 to an estimated 8.2 million in

1968 and will continue to rise to an estimated enrollment of 14 million by

1975." If SDE's assemble accurate trends on future enrollments, they can

begin now to consider alternative policies for planning their occupational

programs of the seventies. In this regard, simulation can be used to deter-

mine the relative benefits of various alternative policies on future output

of the state system,

At the notional level, the USOE now requires State Boards of Education

to submit state pions for vocntioloi-technical education programs as States

are required to project, by various occupational categories, labor market

"Allen Lim, "Study el f:erceptions of State Love' Administration," A Nationwide Study

of the Administration of Vocational-Tmenkat Etd...zatioe at the State Level, Volume 4, (Wash-

/n(0os, D. CI U. S. Clearetneetwit Printing 06k., 1967).

"Allan Lois and Herbert M. Homi in, "Organisation and Administration," Reviser of Ede-

cottoned Sword., 34: 339-407s October, 19611.

"Mkittsel Remo, "14 Miklos Votatiot:.si Students by 1975," American Education, 5: 1041:

Mardi, 1969.

"See the discussion In footnote 4 in ihb chapter.
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supply and demand for the current year and for a target year five years
following. Models, developed for investigating long-term funding policies of
SDE's, can now use standardized data inputs. Hence, a model such as the
one developed in this investigation could used by on SDE to determine
the relative merits e alternative policy decisions.

A status report on current mathematical planning models used by SDE's
is deferred to the next paragraph. At this point, however, it ran be men-
tioned that few SDE's are applying these models to their long-range pro-
jections. in 1968, Benson attributed this lack of application to the fact
that analytic toots of planning such as linear programming and simulation
techniques are considerably better than the educational data to which they
can be aoplied.89 With the new USOR mandate requiring supply-demand
projections for long-term planning, lack of data can no longer be used as
an argument for not utilizing mathematical planning models to assist in
establishing future resource allot .lion policies.

THE SURVEY OF THE STATES

A survey of all 50 SDE's, conducted by the author in September, 1969,
shows that 46 states do not currently use a model similar to the one utilized
in this investigation nor are they presently developing one. Colorado and
Utah indicate that they have started to develop a model but due to staff
limitations and other work priorities have postponed their projects. Okla-
borne intends to do some research on the value of using linear programming
techniques to assist with vocational - technical education funding policies.
Minnesota is developing a planning form for local school districts that will
provide the state In the near future with the necessary data to use simula-
tion techniques for long-range planning in the state vocational education
system.

The results cf this survey add additional evidence for the potential capa-
bility of the propos.xf model. Since (1) the literature on the future leader-
ship role prescribed for the SDE's shows that their planning agencies should
utilize mathematical planning models to assist in determining their resource
allocations and (2) the survey shows that these models are not currently used
or yet developed, the need for on appropriate model which has been

"Benton, op. ct., p. 66. See also o similar discussion by Benson on application of
econometric types of educational ptonnlrg medals In "Et000mics and Education," Review of
Edvortional Research, 371 I, 96-1&2, February, 1967. lochen attributed this gap between
devetoped monogerneri seitnce models and their educational opplioation net or-1y to educa-
tional dote limPotion but alto io the nature of current educational planning. Ha noted
the/ the mathematical Instruments presently available on more elaborate than the concepts
&slog vied by educational planner'. So. Rene Lachine, "The Application at Operational
ReseorcA to Educational Planning," In Organisation for Economic Cooperation and Ores lop-
mint, Monty In Resource Wilier/ion in Education, (Paris: OECO, 1969), p. 33.
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empirically tested is apparent. Based on tht. discussion obove, the model
developed in this investigation can make o significant contribution to the
existing literature on the financing of vocational-technical education pro-
gram planning at the state level.

1.4 Statement of the Problem

The remaining portion of this chapter extends the discussion in Section 1.1
on the nature and scope of the present study. This study, dealing wi'h the
problem of the efficient resource allocation of vocational- technical educa-
tion funds to local school districts, is based on concepts from economic
theory which Haab), notes can:

... provide a broad framework within which the desired educa-
tional objectives can be expressed and accomplished in the most
reasonable and efficient manner.°

Recognition of the important contribution of education to economic growth
has heightened the interest of economists and educational planners in the
development of an economically rational basis for the allocation of resource
in the educational sector. They have attempted to develop methods of
resource allocation and enrollments within the educational system. For

example, Bowles constructs a model for the efficient allocation of resources
which views the educational system as "on aggregation of production
activities" where "each of these processes used a variety of inputs (both
human and otherwise) to transform raw materials (the uneducated) Into a
producer's good."" This view of an educational system as a set of input-
output or production relationships, which can be controlled in a way that
will optimize the use of scarce educational resources, can also be found in

It alsoother recent economic investigations of the educational system. 42
provides a basis for this Investigation.

Following the example set forth by Bowles and others, the State Board of
Education can adopt this Input-output relationship to the state educational
system. Using this economic conceptualization, the Board could formulate
the following question about its allocation of vocational - technical education
funds:

'Hanky, op. cif., p. 15.

"Sornsel S. bowies, 'The Efficient Allocation of Resources in Education," Ovarterfy Jou,nof
of Economics, Bit 191; May, 1967.

"for exempt., Nil Joseph A. Kershaw, "Producilvity In Schorts and Colleges," In Sop
mar E. Harris end Alas lesenuohn fedi), Edmation and Public Porky, (ger leley, California:
Mc Ortchad Publishing Co, 196S), pp. 11115-191; Jesse Surthead, Thanes 0. Fax and John W.
Holland, input end Output In tarps-City High Schools, {Syracuse: Syracuse University Press,
1967); H. Thomas James, J. Alan Thomas and Harold T. Ps*, Weeki), Expenditures and
Daision MalIng for Education, Office of Education, Mel Report, Coopsrative &worth
Pro led No. 1241, (Stanford, Cordon:1e Stanford University, School of Education, 1963)
and Richard Stone, "A Model of the Educational System," Minerva, 3: 1/2.11.61 Winter, 1965.
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Now can the $.DE most efficiently allocate a fixed level of voca-
tional-technical education fends (input) to the public schools so
that the output of graduates from these vocational programs at the
local level makes the most significant contribution toward reducing
the existing demands of the labor market?

The question above provides the statement of the problem for this study.

The purpose of the mathematical planning model developed in this biudy
is to provide the decision-maker, the State Board of Education, with new
knowledge to evolucie decisions about the efficient allocation of resources.
The model is based c n the supply - demand criterion outlined in the question
above.

Simon shows the relationship of new knowledge about the future per-
formance of a system and its relationship to the dechion-making process in
the following statement:

The function of knowledge in the decision-making process is to
determine which consequencies follow upon which of the alterna-
tive strategies. I. is the task of knowledge to select from the whole
class of possible consequences a more limited subclass, or even
(ideally) a single set of consequences correlated with each strategy.
The behaving ssbject cannot, of course, know directly the conse-
quences causality would be operating herefuture consequences
would be determinants of present behavior. What he does is to
form expectatiors of future consequences, these expectations being
based upon known empirical relationships, and upon information
about the existing situation."

Hence, following tits selection of any specific resource allocation policy,
the mathematical planning model can provide the decision-maker with new
knowledge about the future output of graduates generated as a result of
that policy. Further, for a fixed level of input (funds allocated for programs),
the model can be employed to calculate an optimal solution in terms of the
output of graduates n the system. In this manner, the decision-maker can
clearly view the state level system as a set of Input-output relationships.

At this juncture, it should be mentioned that the mathematical planning
model does not make. decisions nor can it replace judgment an the part of
decision- makers. Rather, the model Is designed to old and support decision-
makers by providing pertinent data on alternative programs and courses
of action for funding vocational-technical education programs.

1.5 Definitions of ;arms----
LoSor Market Denssncls. Dem +ds are notices of job vacancies that exist

In the labor market. These notices are expressed in terms of graduates

Herbert A. Simon, AerriniNrarive lotiorfon A Study of she Decision-Making Provost In
AdnotnIstrefint Orgtonisotions, Second !Moo, (Nto York, MoanNian Company, 1961), p. 69.
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needed from specific vocational-technical education programs defined in
the Office of Education classification system."

Labor Market Supply. Supply consists of graduates of vocational-technical
education programs defined in the Office of Education classification system."

Labor Market Area (LMA). Labor market areas are geographic boundaries
defined by the U. S. Department of Labor for manpower planning and
statistical reporting.

Input-Output Analysis. Hartley defines input-output analysis as:

. . . an economic technique designed to examine the effect of
changes in certain input variables to the outcome or output of the
system under study; a form of systems analysis; inputs are the
resources employed to achieve objectives and outputs are the
products of a program, often expressed numerically."

Input. Following the general definition by Hartley, an input In this study
is defined as an amount of vocational-technical education funds given to a
local school district by an SOE to subsidize the existing local funds spent
on a vocational-technical education program.

Output. Applying Hartley's definition, an output in this study is a supply
of vocational-technical education graduates who hove completed their
occupational training and are prepared io enter the labor force.

Vocational-Technical Education Programs. Vocational-technical education
programs considered In this investigation include only those sot forth in the
SDE guidelines for administering the Vocational Education Act. The docu-
ment clearly states that:

Funds under the 1963 Act will not be available for instruction
which is designed to fit individuals for employment in recognized
occupations which ore generally considered to be professional or
as requiring a baccalaureate or higher degree.°

Vocational-Tc '.nical Education Funds. These funds represent a subsidy
given to local school districts to defray the increased cost of vocationcl-tech-
dical education programs. Payments to local districts ore mode on an en-
rollmect basis as outlined by Arnold."

"U. S. Department of Health, Ec/scion, and Welfare, Vocational Education and CP,
cmpagent, 0E40014 (Washington, P. C.t Government Printing Mot July, 1969).

°Mid.

"Hartley, op. p. 233.

^ U. S. Deportment of Health, education, and Welfare, Administration of the Yocationer
Education Act, Rules and Regulations, Vocational Education Bulletin Na. 1, Revised 1966,
(Washington, O. Ca Government Printing Of 1967).

"Arnold, op. cit., p. 196.
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A Typology of Educational Organizations in the I.MA. This study
uses the typology of educational organizations that Arnold has shown pro-
vides a valid input for the labor market supply in a supply-demand model
of the vocational-technical education system." These are graduates from

1. Public Secondary Schools.

2. Community Colleges.

3. Private Trade and Technical Schools.

4. Private Business Schools.

5. State Trade and Technical Schools.

6. Manpower Development Training Programs.

7. State Retraining Act Programs.

8. Two-Year Programs in Four-Year Schools.

9. Private Junior Colleges.

The following standard definitions pertaining to mathematical models of
decision making can be found in most sources dealing with organizational
decision making. The definitions used below are token from Nemhauser."

Optimization. The process of finding a best solution among several fea-
sible alternatives. The term "best solution" is used becousa there may be
more than one optimal solution.

Variables. Variables are those factors that can be manipulated to achieve
the desired objective. These variables ore commonly referred to as inde-
pendent or decision variables.

Parameters. Parameters are those factors that effect the objective but are
not controllable (cannot be manipulated as ore decision variables).

The Measure of Effectiveness. The measure of effectiveness Is the value,
utility, or return associated with particular values of the decision variable
and parameters. The measure of effectiveness, alternatively called the utility
measure, criterion function or objective function, Is a real.valued function
of the decision variables and parameters.

Constraints. Constraints are relationships that determine the values that
the decision variables can assume.

feasible Solution. Any solution of the objective function which also satis-
fies the constraints Is known as a feasible solution.

*Arnold, op. cif. p.

'Gawp l firmhaysar, inirododion to Oynamk Programming, (New York John Wily
and Sons, 11'67), pp. 24. For a similar dirension of mathomatkal models of dscislon making
too also Marcos Alexis and Ctsaries Z. Wilson (ado.), Organise:ono! Dods inn Making, (Engles

wood CASs, Now Jorwryi honk*. Hon, 1141).
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Optimal Solution. An optimal solution is defined as a feasible solution
producing the greatest possible return.

Efficiency in Educational Decision Making. Burkhead notes that:

Economists use the term efficiency in two senses. First, a given
pattern of resource allocation is said to be efficient if tther things
remaining the same, consumer satisfactions are maximized. This is
conventionally known as economic efficiency. Second, a given pro-
duction mechanism is said to be efficient if outputs are maximized
in relation to inputs; this is technological or engineering efficiency."

The present study (as was Burkhead's) is concerned only with the second of
these concepts which, however, is an appropriate economic inquiry because
choices are involved among alternative use of a fixed level of vocational-
technical education funds.

1.6 Properties of the Model

The function of the, mathematical planning model in this investigation is
to provide the decision-maker with new knowledge that can provide guide-
lines for selecting an optimal policy for allocating vocational-technical
education funds to local school districts. McGivney shows that PPBS is a
valuable tool for organizing information to improve decisions having to do
with the allocation of msources." Hence, the guidelines from PPBS can be
used to evaluate the ability of the model to provide the decision-maker
with oppropriate new knowledge that can improve the decision-making
process.

McGivney shows that PPBS attempts:

1. To focus on inputs and outputs rather than inputs alone.

2. To assure the decision :raker a choice of valid comparable
alternatives.

3. To express the ingredients for decisions in concrete quantifiable terms,
and when they cannot be quantified, it attempts to be explicit about the
incommenumables.

4. To build in a dimension over time that tries to see today's decisions
in terms of their longer term consequences."

Using these guidelines the following comments con be made about the
ability of the planning model to provide appropriate new knowledge for
the decision-maker:

terkfaxed, op. cif, P. 4.

"Joseph M. McOirney and William C. Nelson, Program. Plann)np, ilageffne Sys long for
Educators, Velem One, (C. folanrs: The Confer for Vocational and Iselin kat Education,
The Ohio Stain Unfeers1 ly; Avows', 1969), p. 20.

p. 33.
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1. Using a supply-demand criterion, the state system .s viewed as a set
of input-output relationships. Inputs are funds allocated at state level. Out-
puts ore the future graduates of educational organizations in the IMA.

2. Using linear programming techniques, the model provides a set of
feasible solutions for a given set of variables and parameters. In this man-
ner, a choice of valid comparable alternotives is provided.

3, formulating the resource allocation problem in a linear program-
ming format, the ingredients for decisions are expressed in quantifiable
terms.

4. Using an input-output relationship to analyze vocational - technical
education allows the decision-maker to view a current resource allocation
plan in terms of future program outputs.

The analysis above shows how the planning model utilizes the guide-
lines of PPBS to structure information in a form that it can be used by the
decision-maker to evaluate resource allocation policies. What remains to
be shown is the types of planning information necessary to construct and
operate the model.

1.7 Data Requirements for the Model

For this model, the decisionmaker's objective is to maximize the con-
tribution of vocational-technical education graduates toward reducing the
existing dernm.ds in the labor market. Given this objective, this model
utilizes the following information to determine the decision variables and
parameters:

1. Labor market demands expressed In terms of specific vocational-
technical programs.

2. The total amount of state funds to be allocated to public secondary
schools.

3. The cost to the SDE expressed in terms of dollars per pupil per
program.

4. Statistics on the enrollments in all vocationaltechnical education pro-
grams sponsored by public secondary schools.

5. Statistics on the output of graduates in each type of educational insf-
tutior. In the typology (see Section 1.5).

6. Data on the school capacities per program.

7. Decision parameters provided by the SDE on the desired ratios among
the expected outputs of vocational-technic& education programs.
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The data described in items 1 through 5 are published in existing stale
government publications or federal reports. Data in item 6 can be obtained
from an interview or survey of local school administrators. Data in item 7
can be obtained by interviewing the appropriate SDE personnel.

1.8 Application of the Model

following the construction of the model and the collection of the appro-
priate dote, the model is applied for specific vocational-technical education
programs in the Philadelphia, Pennsylvania LMA. The results of this appli-
cation provide a sample of the type of information the model offers to the
decision-maker.

The optimal solution of the model for the Pennsylvania LMA indicates the
new enrollment figures by vocational-technical education programs that
(1) con be supported with the fixed level of predetermined funds allocated
to the LMA and (2) roiled the maximum future output of graduates designed
to reduce existing labor morket demands. The future output of graduates
I; based on existing enrollment data on the rate of completion by type of
program.

1.9 Summary

Chapter One contains sections on (1) introductory notes on the fiscal dimen-
sions of the Vocational Education Act of 1963, (2) an overview of the study,
(3) a general discussion on the theory and application of educational plan-
ning which includes the role of management science models, (4) the need
for the study which focuses on the emerging role of the SDE and its implica-
tions for long-range planning in vocational-technical education, (5) the state-
ment of the problem which deals with the application of a supply-demand
criterion to decisions regarding the allocation of funds to local school dis-
tricts, (6) the definition of terms, (7) a discussion of the propeities of the
model which indicates how the model generates new knowledge for the
decision-maker about future cor,sequences of present decisions, (8) data
requirements for the model which show the type of data needed for the
input-output analysis of the stale system, and (9) a discussion on the appli-
cation of the model In a specific (MA.

The remaining chapters will now be described briefly. In Chapter Two,
the literature on the rnanpetver requirement approach to educational plan-
ning is reviewed. Chapter Three is devoted to the construction of the model.
In Chapter four, the application of 1e model to a Pennsylvania LMA is
explained. The final chapter consists of the summary, recommendations and
conclusions.
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Chapter Two

Review of Related Literature

The literature reviewed in the introductory chapter clearly indicates that
(1) the bask ccncepts and new approaches in decision theory should be
adopted and installed by government agencies having a mojor responsi-
bility for the allocation of resources for vocational-technical education,
(2) public occupational educational programs should be required to meet
the tests of economic efficiency, and (3) analytical studies should be con-
ducted of alternative ways of achieving the objectives and goals of
vocational-technical education. One important criterion for the economic
efficiency relating to resource allocation in vocational-technical education
is the existing relationship of the supply and demand for occupationally
trained graduates found in the labor force. The discussion of this criterion
and the extent to which it can be utilized in determining a policy for resource
allocation by SDE's is the topic of this chapter.

2.1 The Supply-Demand Criterion in Vocational-Technical Education Planning

Kaufman and Brown note that "One of the basic principles underlying the
Vocational Education Act of 1963 was that youth would be trained for occu-
pations (supply) for which society has a need (demand)."' His review of the
literature in the manpower supply and demand points out that (1) develop.
ments in manpower policy are currently made without sufficient support of
research, (2) future planning in vocational-technical education can be im-
proved if very detailed and accurate knowledge of the labor market devel-
opments are available, and (3) it is more realistic to plan and train for
occupational clusters than for specific occupations. This fatter recommen-
dation allows greater flexibility and smoother adjustments of supply in
response to changes in demand.

Woodhall, reviewing the literature on educational planning, comes to
the following conclusion:

The interdspendency of the ediaational system and the oc-upa-
tional structure of the labor force has been so frequently empha-
sized that many countries, both advanced and underdeveloped,
have drawn up detailed estimates of future manpower requiremenh

/. Kowloon and Ann. F. Drown, "Manpower Supply and Demand," Rey Few of
Er/motional /march, 311 323; October, 1961.
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which are used to determine the rate of expansion of secondary or
higher education?

Sanders and Barth, reviewing the literature on the relationship between
educational policy and human resource development note:

Efforts to develop educational policy along human resource
development lines typically assumed thai the primary link between
educatic.1 and economic growth lay in the intervening manpower
preparatic.n, the process of preparing persons for the more com-
plicated and sophisticated economic roles they would ploy in o
more industrialized society.°

Harbison observes that "for analytical purposes it is necessary to have
some definition in terms of both occupations and educational levels" if
human resource development plans are to integrate educational and eco-
nomic planning' In this country, o recently developed publication, jointly
sponsored by the Office of Education and Manpower Administration, pro-
vides educational planners and manpower analysts a method for linking
the Office of Education Classification System and the Dictionary of Occupa-
tional Titles Classification and Code. The intent of the document is described
in the foreword which states:

The joint education and manpower responsibilities of the Deport-
ment of Health, Education and Welfare and the Department of
Labor involve many common goals. . . . There has been a need
for a common occupational language that would aid the coopera-
tive efforts of both departments in relating education and the world
of work. . . By facilitating more efficient planning this publica-
tion should make possible more realistic matching of educational
output with occupational requirements'

The Pennsylvania Vocational Education Study generates manpower sup-
ply and demand data which can be used as a guido by WE': to develop
future programs and to provide a guide for future resource allocation.' In

'Moulton Woodhull, 'The Economics of Education," Review of Educational Research, 37:
391: October, 1967.

'Donald P. Sanders and Peter S. Perth, "Education and Ecancink Development," Review
of Educational Research, 3S: 217r June, 196*.

Frederkk Harbison and Charles A. Meyer,. Education, Manpower and Economic Growth:
Strategies of Human Resource Development, (Hew York: McGraw-Hill Cook Company, 1964),
pp. 15-16. Ste also Russell C. Darin, Planning Human Resource Devolopment: Educational
Models and Schemata, (Chicogo: Rand Mct4uUy and Company, 1966) and Jacob J. Kaufman
(et. al.), The Development and UiiP,zation of Human NeSOlifelltt A Guide fa Research, (Unl.
varsity Park, Pennsylvania: The Pennsylvania SW* Uniewsity, The Institute for Research
on Human Resources: July, 1967), p. 47.

'U. S. Deportment of Heohlt, Education, and Welfare, Vocational Education and Om.
Peon'. Of-800451, (Watlingion, O. C.: Government Printing Officer July, 1969), p. v.

'Waiter M. Arnold WI Vocational, Technical and Continuing Education hi Pennsylvania:
A Sydow" Approach to Staii-locar Program Planning, (Harrisburg: hnntylvonla Detparilatent
of Education, 1969).
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this study o methodology Is developed for matching lobe( market require-
ments (demand) provided by the Department of Labor, with the existing
output of educational institutions having occupational training programs
(supply). A similar approach, which attempts to estimate el:redly the
manpower requirements by vocational-technical skill categories and to pro-
vide quantitative information needed for educational planning, is outlined
by Eckaus.'

Warbrod's publication, which represents the most extensive review and
syntheses of the research on the economics of vocational-technical educa-
tion, clearly indicates that the costs and benefits of occupational education
cannot be made independent of labor market considerations .° The fact that
the labor market plays a significant role in research on the costs and benefits
of vocational education appears in some more recent studies. For example,
Hu compares the benefits of vocational and nonvocational education at the
secondary level .° The criterion variable of this investigation is the labor
market performance of noncollege graduates. Kraft in his conclusion about
vocational education expenditures notes:

The author is a firm advocate of manpower planning and the
rational adoption of our system of education and training to the
needs of the economic system. ft seems absurd to Invest, annually,
more than 40 billion in human capital without asking whether, from
an economic standpoint, this money could not be allocated more
efficiently. (Needless to say we do not want to be interpreted as
asserting that the only criterion to be used is the investment or
productivity criterion. But it is obvious that unless the economic
impact of education is to be given no weight at all, some form of
manpower planning is both desirable and inevitoble.)"

Katz, summarizing the results of the famous U. S. Office of Education
sponsored Air lie House conference, notes:

The economic analysis of monpower demand and supply, in-
cluding projections and their validity, Is of great importance to
vocational educators. . . . Among other labor market considera-

'R. S. Echays, "Economk Criteria for Education and Training,' Review of Economics and
Starstia, 46: 1113-114 May, 1964.

".1. Robed Worbrod, Narrow and Synthesis of losoorch e,n Thu Economics of Vocational
Education, (Columbus: The Center for Vocatio: al-Techmicol Education, The Ohio State Uni-
versity, 1967).

'Tehorel He, Jacob Kaufman, Maw Line toe and Ernst W. Stromsdorfer, A Cosf-Effedire-
nese Study al Vocational Education, A Comparison of Vocational and Nonyocanonot Education
lm Svondory Schtvols, (University Pork, Per,nrylvanial The Pennsylvonia Stat. University,
Institute for Research on Human Reneuran; February, 1969).

"Richard H. Kraft, Cost Elfectiventsu: Anohnis of Vocatior,ollechnicof Education Pro-
grama, Florida State Department of Education, Final Report, Prolect No. 569-124, (Tallahassee.:
Florida: The Florida State University, Deportment of Educational Administration, Educational
Systems and Planning Center; Slily, 1969), p. 116.
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the educator must be _ nee with trends in employment
by occupational categories and by job family, skill requirements,
the relationship between filled lobs and job vacancies as forecasts
for the state or major metropolitan area, and the size of the exist.
ing work force to meet the demand."

Based on the statements from the existing literature, it should be clear
that the manpower supply and demand relationship in the labor force is
a valid criterion which con be used as one measure to test the economic
efficiency of the SDE's policy for resource allocation of public funds to
local school districts 12

22 Theoretical Criterion for Optimum Allocation of Public Expenditures for

Education

In a recent study where the theory of public expenditures for education
is examined, Flu sets forth two assumptions that should govern the com-
parisons of alternate expenditures within the educational system. The first
slates:

A basic assumption in economics is that goods are scorce and
that consumers prefer to hove more goods than less. Therefore,
it is generally desirable to employ resources in those uses where
the have the highest productivity.

Given the total amount of resources available for public edu-
cation, it is relevant la determine the optimum allocation of ex-
penditures on different programs such as vocational-technical
education and academic education."

Second, he assumes "that the goal of government programs Is to

maximize the social welfare."" Using these assumptions he develops a
theoretical criterion for measuring resource allocatio- This criterion, based
on the theory of marginal analysis, is briefly outiir d below."

"Arnold Koff, "Maier Recommendation and Conclusions," in Arnold Katt (oda. Omu-
prole-nal Edveationl Planning and Programming, Volume Ono, (Monk" Park, California: Stan-
ford Romarch Institutor September, 1967), p. 23.

"This invoingtion Is concerned with immure" allocation at the date level. The mononde
efficiency of resource allocation at the Wirral howl aka utilizes manpower criteria. This

position is clearly stated in tto:nord A. fiche, Manpower Rocitdronmes for National Oitioctimis
In fins I970's, Washington, D. CA National Planning Asrociation, Center for Priority Analysis,.
1960.4

"Hu (M. all op. dr. p. 11.
"tild p. 12.

"The CrISSOOM that follows can also be Found In most elementary economic facts. Fit
example, me oho Nipermint of ma.ginal anolysk and theorems on resource allocation found
In William liournot, Economic Theory and Operations Analysis, (Englewood Cliffs, New
Jtrsery3 Promitics Hall, Inc, 1965), pp. 21.40.
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The social welfare function, with-respect to different government
programs, may be written in the form:

(1) W = w(gl, gz, . go)

where W is the social welfare (or it can be denoted as social benefits)
and the g's represent the output of different government programs.
The maximization of function (1) is sublect to the constraint of the
government budget, namely

(2)
n

B = 2 (a, --I- c,g1)

I = 1

where ai is the fixed cost of the ith government program, ci is the
marginal cost of the ith government program, and B is the total
government revenue.

The LagranOan multiplier technique is used to solve the maxi-
mization probleo, that Is:

[
n

(3) w(gt, as, . .., th) A X (a: + co) B = 0
I = 1

where A is the Lagrongian multiplier. Differentiating this expression
with respect to pi leaves

(4) wr Act = 0

aw
where w = -- is the marginal benefit of the ith program.

From this it follows that,

ca.

(5) = 0, I 1, 2, ..., n)
wi ci

and also than

wI

(6) =
cs

Thus, in equilibrium, as shown in equation (5), the maximization of
social benefits Is achieved if the ratio of marginal benefit In this
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example of two government programs is equal to the ratio of the
marginal cost of these programs; that is, the marginal benefit is pro-
portional to the marginal cost.

The theoretical criterion which governs models built for optimum alloca-
tion of educational funds is clear-cut. In the model to be built for the
SDE's, the ges represent the output of graduates from various vocational-
technical education programs.

2.3 Manpower Models in Educational Planning

Davis notes that various points of departure are possible for building
human resource development planning models.' These are:

1. Departure from a set of political, cultural or social goals which state
that some specific portion of the population has a right to some specified
amount of education and training.

2. Departure from estimutes of the resources (human and fiscal) available
for assignment to education and training so that returns are maximized.

3. Departure from a set of human resource requirements or targets in
the work force. The objective is to equal or exceed the targets with allo-
cations minimized."

This investigation builds a model hich is based on the human resource
requirement approach outlined in (3) above. In the following section, the
manpowerrequirement approach Is briefly described and is followed by a
review of the existing educational planning models based on this approach.

THE MANPOWER-REQUIREMENTS APPROACH

Pornes briefly describes the manpower-requirements approach as follows:

An attempt is made to foresee the future occupational structure
of the economy and I, plan the educational system so as to pro-
vide the requisite number of personnel with the qualifications which
that structure demands.".

!n a similar manner Kraft outlines a strategy for educational planning
based on the manpowerrequirements approach consisting of the following
steps:

1. A calculation of the future occupational structure of the labor force.

" *P. cif. p. 137.

1111,4i.

" Herbert S. Porno, Fortrosting Edeeetiortoi Pieedo foe feeeornk Devolopeterd, (Pork:
The OrponNotion for Economic Cooperation and Coveloproont 1962), p. 15.
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2. The translation of the labor requirements by occupational categories
into requirements by educotionol qualification."

More detailed outlines of the methodology of the manpower-requirements
approach have been offered by Benson," Goldstein," !lames," and
Harbison.°

The important note to be extracted from any outline of the manpower
approach is that it provides the educotionol planner with (1) estimates of
the required additions to the labor force during the planning period and
(2) for each occupational category of the labor market estimatbs there ex-
ists an educational program. This provides the basis for indicating the
required outputs (graduates) during the planning period, which in turn per-
mits the calculation of required enrollments, teacher requirements and
needed educational plant and equipment.

A common criticism of the manpower approach Is that there currently
exists a poor rationale that underlies the fitting of educational preparation
to occupational requirements in the work force. In the United States this
problem need no longer exist for vocational education planners. A common
occupational language for the Department of Labor and the Department of
Health, Education, and Welfare is currently available.24

A second criticism of the manpower approach to educational planning is
that it focuses exclusively on economic criteria. In this regard Parnes notes:

To be sure the "manpower requirements approach" atone cannot
answer the question "how much education is needed," but it pro-
vides useful guides to the desirable structure of whatever educa-
tional expendirvro is decided upon.25

"Richard H. Kraft, "Inter -Firm Correlations: The Contribution of Edurationalty.Heavy In-
pub to Increasing Profitability," in Richard H. Kraft (ed.), Education and Economic Growth:
Procoodingt of the First Annual Conference on the Economics of Education, (Tallahassee,
Florida: The Educational Systems Development Center, The Florida Stale University, 1968),
p. 123.

"Charles S. Denson, Fhe Economics of Public Education, Second Edition, (Dolton: Houghton
Mifflin Company, 1968), pp. 67.75.

"Harold Goldstein, "Manpower Requirements and Educational Organisation" In Or-
ganization for Economic Cooperation and Development, Organisational Problems in Planning
Educational Development (Paris: OECD, 19631, pp. 37.49.

"Herbert S. Parnes, "Amassing the Educational Needs of a Nation," in Don Adams
(Id.), Educational Planning, (Syracuse: Syracuse University Press, School of Education, 1964),
pp. 55-56.

"Frederick Harbison, "Human Resource Assessments," in Untied Notions, Educational,
Sderclific and Cultural Organization, Economic and Social Aupede of Eduatationct/ Planning,
(Paris: UNESCO, 1964), pp. 1111119.

"See Wool. 5 and the discussion which preceded it.

"Parma (1962), op. cit., p. TS. See also Parries (1964), °P. Cit., pp. 5660, for on orfond"
discussion of the voila* of Hse manpower approoch and how it interocts with what he calls
the "cvhoral appro.:wit."
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Kraft suggests that the manpower criterion can be a significant but not
exclusive factor in planning human resource development." Burkhead notes
"specific goals for a state's vocational education program, for example,
can be outlined and these can be related to manpower requirements and
needs for identifiable skiffs for several years ahead."" Finally, Culbertson,
discussing educational planning based upon manpower requirements, men-
tions, "the planning techniques developed and used by economists in de-
veloping nations have utility in developed nationsespecially in relation
to vocational education."28 Hence, the literature shows that the manpower-
requirements approach can bn effectively utilized as a criterion to deter-
mine educational resource ol!ocation policy at the state level

OPTIMIZATION MODELS IN MANPOWER PLANNING

Given the labor market needs expressed in terms of educational require-
ments, Davis shows that the problem can be expressed in a linear pro-
gramming framework." He also demonstrater that the model can be
developed to yield problems amenable to linear programming in static and
dynamic situations." In either case, the linear programming model will
yield optimal solutions for educational enrollments which are based on
labor market requirements. Davis suggests that linear programming models
can assist education planners In formulating o resource allocation policy;
however, the optimization models do not provide a substitute for other neces-
sary kinds of empirical analysis. For example, his models do not consider
the existing school capacities and teacher requirements necessary to imple-
ment the outcomes suggested by the optimum enrollment solution.

Chirikos and Wheeler, reviewing the use of manpower models in educa-
tionol planning, note that:

The view of on educational system as a set of input- output or
production relationships which can be controlled in a way that will
optimize the use of scarce educational resources Is almost entirely
a consequence of recent Interest in educational planning."

"See Krofik statement previously quoted and referenced In footnote 10 of this chi.. ter.
Jesse livrkhood, Pub& School Finance: Economia and Politico, (sliva/Kr -77rocurle

University Press, 1964), p. 364.

*Jock Culbertson, "State Planning for Education," In Edger I.. Morpheil and Charles 0.
*yea (min.), Designing Edvartion for the Forom: Nowlin and Maine Needed Cheops in
Education, (How Yorke Citation Press, 1967), pp. 278-279.

'Davis, op. cit., p. 28.

'Davis, op. cit., pp. 160-162. Sea also turnoff 0. Davis, "On the Developntent 'of Edu-
cational Manning Models at Harvard, CSIEfi An 'elegebrok Wintery of Adivity In One Sawn
Mote," In Kraft (1961), op. cit., pp. 42-34.

'Monica N. Chirikos and A. C. Wheeler, "Concept. and Techniques of Educational Plan-
ning," Review of Educational Research, Mk 264-2760 June, 1968.
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One of the first attempts to deal with manpower models in educational
planning is the Tinbergen-Bos-Correa model. This is outlined by Correa and
Tinbergen" and the Organization for Economic Corporation and Develop-
ment (OECD)." Chirikos and Wheeler provide an abstract of the model
which states:

Built on simple input-output principles, the basic model is a set
of six lineor difference equations which relate the operation of the
educational system to various types of educated manpower re-
quired to produce a given level of gross output. The aggregate
nature of the model, in addition to the foci that it eliminates the
intermediate step of estimating occupational needs by relating
fixed proportions of educated manpower directly to output, is an
obvious limitation in its usefulness to educational planners."

While this model does not directly reflect the environment and constraints
of the problem in this investigation, it serves as o guide to show that the
input-output method can be used to assess educational policy options.

Other attempts to use linear programming techniques for assessing edu-
cational policy options include the work of Adelman," Bowles," Go Iladoy,"
and Schiefelbein." The objective functions of these models or used to
maximize the gross output (subject to linear constraints) to test alternative
educational and economic strategies at the natior,n1 level for Argentina,
Nigeria, Morocco and Chile. Notional educational ,t,quirements and the
organizotior al properties of the various countries represented In these

studies are not identical to the similar educational requirements and prop-
erties of a state In this country. However, these studies show that linear
programming techniques ce.,n be effectively used by educational policy
makers to determine resource allocation strategies based on manpower
criteria."'

"Hector Correa and Jon TIM:organ, "Quantitative Adaptation el Education to Accelerated
Drawilt," Kyklos, 15: 776-786, 1962.

°Organisation for Economic Cooperation and Development, Econontelric Models of Edu-
caffon: Som. Applications, 4Park: OECD, 1963).

'' Chinless and Wheeler, op. cit., o. 270.
*Irma Adelman, "A linear Programming Model of Educationol Planning: A Case Study

of Argentina," in Irma Adelman and Erik The(becke (eds.), The Theory and Design of E a-
notnic Derelopment, (Baltimore: Johns Hopkins Preis, 1964).

Samuel S. bowies, "Ms Mien, Ailocolion of Brources In Education," Quarterly Journal
of Economics, It: 189.2190 Kay, 1967.

''Fredstrkk 1. Daileday, "A Dynamic Linter Programming Model for Educational Planning
with Application to Morocco,' (Doctoral Dissertation, Northwestern University: August, 19611).

"'Ernesto Schkfltrein, 'A Model for Assessing the Quantitative ltruhs of Morsels Edu-
cational Policies,' (Doctoral D.:::..iation, Mmvard University, 1969). The model in this din.
sedation Is reviewed In Davis (1968), op.." pp. 49.60.

'the reader may now wish to *pain refer to Collsortson's comment on the potential
application of the manpower planning rodeh for developing countries to vocational *dr
ration In this country. See footnote 21 in tisk choptor.
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Chance shows conceptually how a general model (linear programming)
employing occupational output coefficients on the demand side and a
ittvrkav chain on the educo':on or supply side con be manipulated to pro-
duce cornlstent economic and education policies."' Correa shows that linear
programming techniques can be used by educational planners to deal with
policy decisions relating to enrollment policy, financial resources, and the
problem of the adaptation of the educational system to socio-economic
development.4t

The results of the survey conducted in this investigation (see Section 1.3)
show that no SDE's are currently using this approach. Bruno, however,
demonstrates Snot a linear programming model can be used to determine
optimal resocrce ollocation strategies for a foundation type state support
program.42 Commenting on the value of the linear programming tech-
,dques, he notes: "The important contribution of this approach is that it
realistically places the problem of education finance in a system constrained
by political, sock), and Pconomic considerations."48

Judy" and Koenig45 observe that one of the greatest values of optimizing
models is not so much that it shows the specific solution to a particular
problem with particular numbers, as that within a given conceptual frame-
work, defines what can and cannot be done. Hence, offmizotion models
(and the one which this study builds is no exception) can give information
which permits the decision-maker himself to be much clearer about the
Implications of different alternatives. Clearly, in the model of this study,
the decision-maker is ultimately the State Board of Education.

2.4 Summary

The purpose of this chapter has been to review the literature relating
to the application of optimization models of manpower planning to educa-

'W. A. Chance, "Long-Term Lobar Requirements and Output of the Educational System,"
Southern Economia Journal, 32: 417428; April, 1966.

"Hector Correa, "A Survey of Mothernatkal Models In Educational Planning," in Organi-
zation for Economic Cooperation and Development, Mathematical Models In Educe Vona'.

Planning, (Ports: OECD, 1967).

"James E. Bruno, "A Mathematical Programming Approach to School System finance,"
Socio-Economic Planning Science, 3: 1.12; 1969.

p. 1. See also a similar discussion in lomes E. Bruno, "An Alternative to the Use
of Simplistic formulas for Determining Stole Resource Allocation in School Fineries Pro-
grams," Americon Educational Research Journal, 6: 479-500; November, 1969.

"Richard W. Judy, "Simulation and Rational Resource Allocation In Universities," In
Organisation for Economic Cooperation end Development, ElBeiency in Room* iltilizagon
in Education, (Pont: OECD, 1969), pp. 256-262.

"M. 0. Keeney, K. E. Koenig and R. Zernock, "State Spoor Models of Educational Institv-
frono," in Orgonisotion for Economic Cooperation and Development (1969), op. cit,, pp. PP-
133.
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done! resource allocation policies at state level. In Section 2.1 It has been
shown that a supply-demand criterion can and should be utilized in

vocational-technical education policy plans at the state level. In Section 2.2
a theoretical criterion that should govern the efficient allocation of public
expenditures for education has been explained. Section 2.3 contains the
important concepts of the manpower-requirements approach and shows
various mathematical models that can be used to determine the efficient
allocation of resources given the labor market demands expressed in terms
of specific educational programs.

The results of this review indicate that linear programming can be of
important practical value to educational planners for designing o state-level
policy about the efficient resource allocation of vocational-technical educa-
tion funds to local school systems. In the following chapter the resource
allocation model Is presented.
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Chapter Three

The Educational Planning Model
In this chapter the mathematical planning model is presented. It is

designed to provide the decision-maker, the State Board of Education, with
new information to evaluate decisions about the efficient allocation of
vocational-technical education funds based on a supply-demand criterion.
In the model, the stote ec14.: ation system is viewed as a set of input-output
or production relationships which can be designed so that the use of
vocational-technical funds will be optimized. Alternative funding policies
are examined and in each case the net output of future graduates is deter-
mined, finally, from a set of feasible solutions, an optimal solution is

selected to maximize the output of vocational-technical education gradu-
ates. This optimal solution is derived using linear programming techniques.

The resources to be allocated by the SDE in this model are vocational-
techoical education funds which are given to local school districts to defray
the additional costs of vocational programs. The funds allocated to each
school are based on a specific amount per student. These amounts, although
fixed for students matriculating in a given vocotional technical education
program, may vary among different programs.

The model Is built to operate on a specific :et of vocational-technical
education programs within a labor market area (11.MA). Hence, future ref-
erences to inputs and outputs apply to funds allocated to and students
enrolled in programs which are physically located in one IAA. The plan-
ning period for the model is three years and the vocational-technical edu-
cation programs require two academic years to complete.1

Ideally, the model should be run during the operation of the base (first)
year when the acquisition of the data necessary for estimating the output of
graduates for the entire planning period is available. The model can be
utilized following the completion of the base year; however, this will de-
crease the time for formulating policy decisions about future program
operations.

Solutions from the model require the completion of two phases. These
are briefly outlined below.

Althovgb As model IN morrewtty applied to program requiring two ocorfomk yowl to
comptos. It could easily be applied to programs requiring more o his formal Menial,.
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Phase One provides the information necessary to calculate the parameters
for the linear programming model. First, supply and demand projections
for each year in the planning period must be determined. Using these pro-
jections, a supply-demand posture is derived. This posture indicates the
LMA demands not satisfied when current vocational- technical program levels
(enrollment trends) ore unchanged for the second and third year of the
planning period.

Phase Two involves the actual operation of the linear programming model.
Using the results of phase one, the linear programming model is set forth
and solutions are generated. These solutions provide the State Board of
Education with new information on the alternate funding policies they could
implement during the second and third (final) years of the planning period.
Following the linear programming solutions, a formula for allocating

vocational-technical education funds to individual school districts is

described.

3.1 Phase One: The Supply-Demand Posture

Focusing on the output of the educational system (graduates), a supply-
demand posture for a specific vocational-technical education program at
the close of the third year of the planning period can be expressed as:

A-I-B+C=D (1)

where

A = the output of graduates from the public schools for the three-
year planning period.

B = the output of graduates from all other types of training Institutions
for the three-year planning period.

C = the unsatisfied LMA demand.

D = the LMA demand for trained graduates in the three-year period.

This equation states that the demand for vocational graduates from a spe-
cific vocational program in the LMA for a given number of years can be
described in terms of satisfied and unsatisfied demands. The total of A
and B In (1) represents the satisfied demand. Further, A represents the
number of graduates who receive vocational-technical education funds from
the SDE while B represents the number of graduates who are not subsidized
with these funds. In general, graduates reflected In B cannot be controlled
by the SDE.

The entire set of statistics necessary to complete (1) would not be available

until the termination of the planning period. For example, public school
graduates in the final year of the planning period do not begin their train-
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ing until the second year of the three-year period. Hence, as in all long-
range planning, projections of graduates for future years are calculated to
provide the decision-maker with some estimates of the future performance
of the system.

Outlined below is a method for generating projections to substitute in
(1), the supply-demand posture. The projections are made in the initial
year of the planning period and are based on existing enrollments.

SUPPLY ESTIMATES

The output of graduates from all types of educational institutions in the
LMA can be expressed in terms of yaorly supply estimates. Let

n 3
A' = E E

= 1 t = 1
and

8 3
B' = E E Zkt

k = 1 t = 1
where

(2)

(3)

A' = on estimate of A from (1) above derived in the first year
of the planning period.

= on estimate of B from (1) above derived in the first year
of the planning period.

yp = the public school output from county I in the year t.
zst = the output of graduates from school type k in the year I.

= 1, 2, .. n (corresponding to the number of counties
In the LMA).

t = 1, 2, 3 (corresponding to each year in the planning
period).

k = 1, 2, . ., 8 (corresponding to types of educational
organizations other than the public school that provide
trained graduates for the LMA).

The values for k in (3) are defined such that

1 = Community Colleges.

2 = Private Business Schools.

3 = Private Trode and Technical Schools.

4 = State Trod. and Technical Schools.
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5 = Manpower Development Training Act Programs.

6 = State Retraining Act Programs.

7 = TwoYear Programs in Colleges and Universities.

8 = Private Junior Colleges

The values for yji and yi2 can be estimated using the existing data in
the base year such that

7111 (4)
and

y,2 = f,2 et,
where

Y'J I the graduating students in county j enrolled during the
base year of data collection.

y" ,l = the first year students in county 1 enrolled during the
base year.

ell = the percentage of students in county j who will graduate
in the base year.

the percentage of students in county j who will graduate
in the second year.

Further, it is assumed that graduates in the final year of the planning
period do not Increase beyond the level reflected by yik. in this case,
Yts = n2 for all j.

The values for zkt can be determined using statistics on graduates from
the year prior to the planning period. Let

zkt = (1 + pk)" zk, t-t (6)

where pr = the annual rate of change in the output from school type k.

The estimates in (6) provide information on the number of LMA demands
that have been satisfied by other training cgencies. Thus, the supply-
demand posture is based on the concept that each educational Institution
in the LMA con simultaneously make a significant contribution in the area
of occupational training.

DEMAND ESTIMAr

In a similar manner the demand for occupationally trained graduates
can be expressed In terms of cnnual demands. Let

3
D = X Dt

t = 1
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where DL the LMA demand for trained graduates In the year t. The

data for Di is usually published by the State Department of Labor and
Industry. The methodology for linking labor market data and vocational-
technical education programs has been discussed in Section 2.1 of Chapter
Two.

THE SUPPLY-DEMAND POSTURE

Using the format set forth in (1) and the estimates described above, a
supply-demand posture for the planning period can be described by (8)
below. In this case

A' + C' = D (8)

where C' = an estimate of C from (1). Note C' = D (A' + B'). This

posture indicates the LMA demands that would be satisfied as well as the
demand unmet if the current vocational- technical program levels (enroll.
ment and graduate trends) remained unchanged for the ser-:nd and third
years of the planning period.

In (8) it is assumed that all graduates enter directly in the IMA upon
completion of their training. This is known to be a tenuous assumption.
It has been documented, for example, that high school graduates from
vocational education programs often enter the armed forces upon com-
pletion of their secondary program or that some graduates go directly into
postsecondary training institutions.

A* and 135 are formed below to reflect the actual number of graduates
who enter directly into the labor force upon the completon of their voca-
tional-technical education program. Let

A* = aA' (9)

and

85 = bB' (10)

where

A* = the output of graduates from the public school who enter
the LMA upon the completion of their vocational training.

= the output of graduates from all other types of training
Institutions who enter the LMA upon completion of their
vocational training.

a = the percentage of ,t' who enter the LMA Immediately
following their training.

b = the percentage of 8' who enter the LMA Immediately
following their training.
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Using A* and IN (8) can be adjusted to reflect the actual participation

of vocational- technical education in ths labor force. Let

A* + + C* = D (11)

where C* = the unmet labor market demands. Note C* = D (A* +

In addition to the output represented by A*, the SDE may also use

vocationaltechnical education funds to encourage public schools to pro-

duce additional graduates that reduce the unsatisfied demands expressed

by C. Following this approach, the public school output for the three-

year planning period could include additional graduates who would start

their training in the second year and complete their training in the third

(final) year of the planning period. This is shown in (12).

where

F =

xi =

c =

n
F = A* + c E xi

= 1
(12)

the potential output of graduates from the public schools

who enter the LMA upon completion of their vocational

training.
the additional number of graduates In county !which the
SDE would be willing to support.

the percentage of odditional graduates who enter the
LMA immediately following their training.

Since present research on the enrollments of public school vocational-

technical education programs indicates that enrollments in existing programs

ore Increasing and the number of new programs are growing, the model

developed here focuses on providing the SDE with new knowledge about

the potential additional output of graduates that the SCE can support'

A and xi from (12) above can be viewed as a parameter and a variable

respectively in the linear programming model which follows in the next

section.

The maximum number of additional graduates that the SDE would be

willing to support in the [MA can be controlled so that C, the unmet demand,

is not exceeded. let

for example see Miami Russo, "14 Million Vocational Students by 1975," American

Education, 3: 10.11) Mardi, 1969. He shows that enrollments In vocational programs in-

creased from 349,000 In 1964 to an estimated 6.2 million In 1960 and will conlin.4 to

rise to on esilmoted enrollment of 14 million by 1973.
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and

0 < B xi < d (xi > 0 for all j) (13)
j =1 -

d = gC* (g > 1.0) (14)

where

d = the unmet LMA demands expressed in terms of the number
of graduates necessary to generate C graduates who will
enter the LMA upon completion of their vocational training.

g = the percentage of graduates necessary to train !ri order
that C graduates will enter the IMA upon completion of
their training. (Note: if it is assumed that all additional
graduates enter the MA when their training Is completed,
then g = 1.0).

In effect, (12) and (13) now restrict the potential odditionol enrollnA :it in
the occupational program so that each output from the public schools
satisfies a IMA demand that no other educational organization satisfies.

In a similar fashion the equations developed In (1) through (14) can be
derived from different vocational-technical education programs. The follow-
ing set of equations would then summarize these activities in phase one.

AL + B1+ Cs

n 3
A's = B 2 Yut

= 1 t = 1

8 3
= 2 E zat

k = 1 t = 1

Yus = fus Yuus

sat = + pm/t.-1 214 t.1

3
Ot = 2 Ott

t = 1
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(16)

(17)

(18)

(19)

(20)
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A's + C's = Di (22)

A*1 = aiA' (23)

WS' (24)

A*, + B*, + C*1 = D, (25)

n
F, = A*, C, E x,t (26)

j :7- I

n
0 < E x,t < d, (xii > 0 for all i and j) (27)

I = I

C*1 (gt > 1.0 for all i) (28)

whe-e

A, = the public school output in program i for the three-year
planning period.

B, = the output of other educational institutions In program
for the three-year planning period.

C, = the unsatisfied demand for trained graduates in program
I.

the IMA demand for trained graduates in program I
for the three-year planning period.

A', = on estimate of A, derived in the first year of the planning
period.

B', = an estimate of B, derived In the first year of the planning
period.

yLit = the public school output In program i from county j in
the year t.

= the output in program I from school type k in the
year t.

Ytss = the enrollment of terminal year students in program I
in county f during the base (first) year.

yulit = the enrollment of first year students in program I In
county I during the base year.

eqs = the percentage of students in program t in county I who
will graduote In the base year.

fys = the percentage of students in program I in county I who
will graduate in the second year.



psk = the annual rote of change in the output in program i
from school type k.

= the 1MA demand for trained graduates from program I
in the year 1.

A*, = the public school output who enter the I.MA upon com-
pletion of their vocational training.

B*1 = the output from all other k type institutions who enter
the LMA upon completion of their vocational training.

cr, = the percentage of A's who enter the LMA following their
training.

bi = the percentage of 11', who enter the LMA following their
trainin.

F1 = the potential output from the public school in program
who will enter the LMA upon completion of their training.

= the additional output in program I which the SDE would
be willing to support.

ci = the percentage of additional output In program I who
enter the LMA folowing their training.

cl, = the unmet LMA demands for program I expressed In
terms of the number of graduates necessary to generate
C graduates who will enter the LMA upon completion
of their vocational training.

gi = the percentage of graduates necessary to train in pro-
gram I in order that C graduates will enter the LMA
upon completion of their training. (Note: If it is assumed
that all additional graduates enter the LMA when their
training is completed, gs =

= 1, 2, . m (vocational-technical education programs).

1, 2, . . n (corresponding to the number of counties
in the LMA).

k = 1, 2, ..., 8 (corresponding to the types of educational
organizations other than the public school that provide
trained graduates In the LMA).

t = 1, 2, 3 (corresponding to each year in the planning
period).

The Information in (15) through (20) provides the Input data necessary
to construct the linear programming model. The variables in this model
will be the xds discussed in (26) through (28). Each di in (28) provides the
necessary data to formulate one of the I labor market area constraints
in the model.

The optimal solution to the linear programming model is defined os Z*
such that
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m n

Z* 2 2 x*Ii
i = 1 = 1

(29)

where x*Ij = the optimal level for the variable xi) in the solution set and
Z* is a scalar representing the sum 04 the additional number of graduates
For the optimal level of each activity in the model.

The data necesscry to complete (15) through (28) can be found in the
existing statistical records kept by the SDE's. The one exception to this
generalization might be the LMA demands projected by occupational cate-
gories. Since the U. S. Office of Education guidelines for vocational educa-
tion stale plans require SDE's to assemble this type of labor force in the
coming years, all states will soon have the data necessary to operate the
linear programming model in phase two.3

3.2 Phase Two: The Linear Programming Model

The purpose of developing a linear programming model In this phase is
to generate an optimal solutiln for an objective function given information
on (1) the unmet demands of 1:,e LMA, (2) constraints on the existing addi-
tional capacity of the public schools, and (3) o set of budget constraints.
The solution of the model can been be presented to the State Board of
Education to use as new informati about alternative actions the Board
can use to determine future resource a: ..icaKon policies. In this case, the
model is based on a st,pply-demand criterion and it is indicative of the
models generated by the manpower-recNirement approach used by human
resource development planners.

The linear programming model can be solved using the IB/A 360 MPS
mathematical programming algorithm. This package or a similar one Is
available in most computer centers. The average computer time for obtoin-
ing the initial optimal solution as well as other optimal solutions resulting
from parameterization of selected variables should be less than two cr
three minutes.

THE OBJECTIVE FUNCTION

The objective function in this investigation is linear and is based on the
question posed by the State Board of Education, which is:

' for tromp% tho Vocational Edcretion Amendments of 1968 authorise the Commissioner
of Education to transfer to the Secretary of tabor an amount not to exceed SS million In
cry Escal year to Armee. notional, regional, state and local shrdits prodding proiecnorts

of acrapctionsil manpower needs. Ths Information will be for one in noconocal education
planning and for the guidance of federcl, stole and local Adele and advisory councils
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How can the SDE most efficiently allocate a fixed level of
vocational- technical education funds (input) to the public schools
so that the output of graduates from these vocational programs
at the loco! level make the most significant contribution toward
reducing the existing demands of the labor market?

Since the model is based on a supply- demand criterion, it is assumed that
the most significant contribution the pub!ic schools can make is to produce
the maximum number of graduates (output) which will satisfy demands in
the LMA not satisfied by any other education institution. Hence, the objec-
tive function in (30) is designed to maximize the number of additional
graduates that the public school can produce in the m different occupational
programs.

Maximize z = 2 B xii
= 1 i = 1

(30)

where

xii = the output in program i from county j.

1 = 1, 2, . . m (vocational-technical education programs).

= 1, 2, . . n (counties in the LMA).

First, xij represents the output of additional students which the SDE
would be willing to support. These are represented by the output vector
Z* found in (29). Second, these additional students would begin their
vocational program at the start of the second year and complete their
occupational training in the third year of the planning period.

THE CONSTRAINTS

In mathematical programming language, the constraints may be viewed
as equations or inequalities that restrict the set of values the decision vari.
obles may assume. This restricted set of values forms the region of feasibil.
ity. In a nontechnical sense constraints are mathematical formulations of
environmental conditions which place limitations on the set of alternate
decisions available to the decision-maker. In this model, three general
categories of constraints ore formulated. There are LMA constraints, public
school constraints and SDE constraints.

LABOR MARKET AREA CONSTRAINTS

The LMA constraints are based on the supply-demand Information calcu-
lated In phase one. Using the cli's from (28) above, the constraints are
formed below.
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xu < ds i = 1, 2, . m. (31)
j = 1

These m inequalities insure that the additional output from the public rchool
does not exceed the unsatisfied demands of the LMA for each of the m
occupations in the model.

SCHOOL CAPACITY CONSTRAINTS

The variables in this model ore the set of all sco which represent the
additional output of graduates that the SDE would be willing to support
in m different occupational programs in each of the j counties. The j's
represent a classification by counties rather than by school districts. This

provides the WE greater flexibility to investigate the effects of increasing
existing program enrollments and/or initioting new programs in lie different
occupational areas. For example, when counties are used as a basis for
planning, mare realistic parameterization' and ranges of sensitivity analyses
can be performed to determine optimal allocation policies based on labor
market areas. Also, area vocational-technical schools are usually designed
to service a large number of 'chool districts within a county or a regional
area. With this trend towards loser intermediate units and centralization
of resources, the county dimension becomes a more realistic basis for
planning.

The school capacity constraints developed below allow the WE to
reflect its judgments about the future performance of the system. Capacity
constraints are expressed in terms of the increased number of graduates
that the system should produce in various occupational programs. It is

assumed that the SDE decisions about the desired future outcomes of the
vocational education system ore based on a knowledge of the current long-
range occupational trends in the labor force as well as updated information
on occupational programs where student requests for admission exceed the
existing level of program enrollments. For example, in this latter case, area
vocationaltechniccl schools have given participating school districts quotas
in specific occupational programs. With a financiol Incentive to defray the
cost of increased enrollments, these quotas could be subsequently raised,
then more students desiring training could be accommodated.

The SDE decisions about increasing the output of graduates in in different
occupational programs con be formed as constraints. Let

to < xu <V0
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tit = mit /qv (33)

-= nu yii2 (34)

1 xi) < Tj j = 1, 2 n. (35)
i =-- 1

Ti
m

= qi E yi}2 j = 1, 2 n. (36)
= 1

where

tii = the minimum increase that the SDE desires in the output
of program i in county j.

Yu = the maximum increase that the SDE desires in the output
of program i in county j.
the minimum percentage of increase in program i in
county j.

nu = the maximum percentage of increase in program i in
county j.

YJJ2 = the output of program i in school j during the second
year of the planning period (see (18) from phase one).

Ti = the maximum increase that the SDE desires in the total
output of all m programs in county 1.

cit = the maximum percentage of increase for all m programs
in county I.

Notice, if

n
E t'u < di

1 = 1
(37)

then the appropriate iMA constraint from (31) is not binding and may be
removed from the constraint set.

STATE 1.EVEt. BUDGET CONSTRAINT

Since the SDE does not have unlimited resources to finance vocational-
technical education programs that produce additional graduates, a fixed
maximum level of vocational education funds that con be allocated for
this purpose must be specified.' It should be noted that the fixed allocation

'us the original qvfostien posed by the Stat. bard of Education. This goes:Ion ask,
how the SDE son most erwiently °Moto» a Seed level et funds.
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also places a limitation on the feasible solutions that the model can

produce. This limitation can be put in budget constraints such that

htrgxq < HS i = 1, 2, . . . , m. (38)

1 = 1

where

hi = the fixed amount of vocational education funds allocated
by the SDE to the public schools in the n counties for
each additional student enrolled in program I.

rij = the percentage of students in program i in county j
necessary to produce the desired number of graduates
at the completion of the two-year program (ru > 1.0
for all i and j).

Hi = the total amount of vocational education funds available
for allocation by the SDE to the public schools to support
additional students in program I.

It is assumed that the hi's, the fixed allocation per student, would be

sufficient to defray the additional instructional costs of the increasing
vocational enrollments.° The Nis pre a weighting factor to compensate
for the differences between first-year program enrollees and the graduates

that will emerge from these enrollments following the completion of the

two-year program.

The model can be optimized for different budget constraints depending

on the values the SDE wishes to assign to each hi and HI in (38).

SUMMARY OF THE LINEAR PROGRAMMING MODEL

Given the objective function and constraints outlined above, the model

can now be solved using standard linear programming techniques. In the

model the additional output of the public school is maximized in such a

manner that:

I. No output from any of the public schools in the I.MA represents a
duplication of a labor market demand.

2. No county capacity for training odditionol graduates is exceeded.

6 For sample, the National Edvcational Finance Project recently noted that the cost of

*reining * vocat/ortal-hschnkal education graduate Is opproximatety 12 to I.J the per pupil
cost to the general edvernion programs. See Erick L. Undnian and Edwin L. Kvilh, "Dimen-

sions of Need for Yocetralat EdvcatIoa," in Poe 1. Johns, Kern Alexander and Richard

lIosounler (eds.), bintensIons of Educational Need, (Gainer tiS., Florida: National Educational

Finance Project, 1969), p. ISO.

44



3. No vocational education funds in excess of the predetermined
budget are necessary to completely support the additional graduates in all
I programs in the LMA.

The line( programming model with its objective function and all of its
constraints is outlined below.

THE OBJECTIVE FUNCTION

Maximize Z =
m n

E E xi)
= = I

(30)

THE CONSTRAINTS

E xij < c11 (far all 1) (31)
= 1

< Xij

m

< (for all i and j) (32)

E
=

xii <Tj (for all I) (35)

1 hi roxij < Hi (For all I) (38)
1 = 1

where

xjj = the output from program I from county 1,
I = 1, 2 ..... m (vocational-technical education programs).

j = 1, 2, n (counties in the LMA).

di = the unsatisfied demand in the LMA for groduates In
program i.

ty = the minimum increase thot the WE desires in the output
of program I in county 1.

the maximum increase that the SDE desires in the output
of program I in county I.

Ti = the maximum Increase that the SDE desires In the total
output of oll m programs in county j.

h, = the fixed amount of vocarionol education funds allo-
cated by the SDE to the public schools in tie n counties
for eoch additional student enrolled in program I.
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the percentage of students in program i in county
necessary to produce the desired number of graduates
at the completion of the two-year program.

H1 = the total amount of vocational education funds avail-
able for allocation by the SDE to the public schools
to support additional students in program i.

The optimal solution to the linear programming model provides the SDE
with the maximum number of additional future graduates from the m
occupational programs that it can support with a fixed level of vocational
funds.

THE ALLOCATION FORMULA FOR LOCAL SCHOOL DISTRICTS

Using the solution from the model to govern the increased enrollments
authorized in program i for any school district in the LMA, the allocation
of vocational education funds for the second year of the planning period
can be calculated using the following equation. Let

m n
Ji, = E E (hit K1, + hi 149 h'IM5) (39)

= 1 j = 1

where

Ji, = the total amount of funds allocated by the SDE to school
p for the operation of all i programs.

Kip = the terminal year enrollment in program i in school p.

Lip = the additional initial year enrollment in program i in
school p thot is authorized to receive the special per
pupil allocation.

Map = the balance of the initial year enrollment in program 1
in school p.

h'i = the existing per pupil allocation fcr program i.
hi = the special per pupil allocation for program i specified

in the budget constraint.

Unless the additional initiol yeor enrollment exceeds the amount authorized
by the SDE, M19 should equal the corniarable initial year enrollment from
the previous year. A similar formula lould be derived for the final year
of the planning period. This formula c.uld be slightly altered if the model
were run again in the third year of t se planning period when the year

= 1, 2, 3, 4 would be considered. this is an ex.ension of the model
and is discussed below.
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3.3 Model Extensions and Limitations

A logical extension of the model would be to use the optimal solution
for t years of the planning period and run the model again for the years
2 through t 1. In this case, it would be assumed that the optimal
solution for the first three years is implemented. This process could be
repeated an infinite number of times. For example, in the third stage it
would be run for the years 3 through t + 2, in the fourth stage it would
be run for the years 4 through t + 3, etc. In this manner, the performance
of the system over time can be determined during the first year of the
initial three-year planning period.

The model could also be operated once each year using a three-year
planning period. In this case, the sup,sly-demand posture for the cumulative
number of years could be used. All other data would be based on a
three-year planning period beginning with the year a and ending with the
year t -j- a - 1. This second extension would approximate the existing
decision-making process in the SDE's, i.e., a decision about program
operation is made once each year.

LIMITATIONS OF THE MODEL

Using a supply-demand posture involves matching the output of graduates
with the occupational demands of the LMA in which the training has been
completed. This matching is n one-to-one correspondence and no mobility
factor Is applied to the graduate output data. This assumes that all
graduates who enter the labor force upon completion of their training also
enter the LMA in which the training has been completed. While this assump-
tion does not hold for all cases, there are reasons to believe that the
absence of a mobility factor does not limit the value of the model as an
effective tool for program planning.

First, LMA's are geographic boundaries built on the basis of transportation
accessibility and labor force mobility. Major LMA's (where a large portion
of vocational-technical education programs are conducted) usuolly include
more than one county. In Pennsylvania, for example, the Philadelphia and
Pittsburgh LMA's each include a five county area while the Harrisburg LMA
includes three. Hence, demands assembled on a MA basis can account
for a portion of student mobility.

Second, Eninger, reporting on the follow-up of a nationwide survey of
public school vocational education graduates, notes thot "the percentage
of oroduates that moved to another city to get their first lob is negligible.
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Of those who do move to other cities, the majoriy of cases ore for distances
less than 300 miles."° In an analysis of the Pennsylvania component of
the nationwide survey, he notes that for the years in which the survey was
conducted "less than six per ceht of the Pennsylvania graduates moved to
a new community for their first job:. . There is no evidence of a trend
toward increased geographic mobility." 'Based on his findings he asserts:

Vocational graduates are not a hig y mobile populainn.
Almost 95 per cent will find their first fullt e job in the city in
which they went to school. This would seem to 1 that vocational
curriculum planning is better bused upon job op rtunity forecasts
that are local in nature rather than national even regional .°

Based on studies discussed above and similar follow-up studies indicating
the large percentage of vocotionat.technicat education graduates employed
in occupations for which they were trained, the formulation of the supply-
demand posture without a mobility factor should not limit the utility of the
analysis and the subsequent program planning policy decisions .°

Those who intend to interpret or utilize the model should be aware of
the rationale which governs the LMA constraints and therefore ultimately
the solution set of the linear programming model. The LMA constraints ore
based on the assumption that the dt's in (31) represent LMA demands that
no training institution in the LMA satisfies if the existing projected levels of
student output are unchanged for the second and third year of the planning

n
period. Recall from (31) 2 xst < di for all 1. Hence, no x*13 in

=
the optimal solution set of the model duplicates the demands already
assumed to be satisfied by the appropriate Pi and B*1 from (25) calculated
in phase one.

An interesting case arises for any occupational program i where A*I
B*, > Di from (25) In phase one. in this case, without increasing the
public school output in the planning period, the total output of graduates

'Max U. Fenger, The Process end Eroded oft end f Mph School loyal Vocotionol (devo-
tion In the United Status: The Product, (Pittsburgh, Pennsylvania: American Institutes for
Research; September, 1963). fhb publication hos no set of page number'. The quote above
con be looted In the summary of Chapter 12.

'Max U. (ringer, Roper, at Pertnryfronia Deo from o Notional Follow-Up Study of High
School Level T end I Vocational Credveles, (Pithburgh. Pennsylvania; Educational (tenors%
Institute; May, 1768), P. 26.

Obld., p. 26.

' Per example tee She discussion on the fr,i/osevp of rotational product.' In J. Robert
Werbred, Review and Synthesis of Research on the Economics of Vocational Education,
(Colombo: not Center for Yecatienel-Technkel Edvcation, The Ohio State Unlversity, 1967).
pp. 34-3S.
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(including those from the public school and those from all other training
institutions) who will enter the 1MA upon completion of their training exceeds
the LMA demand.

The decision-maker, the State Board of Education, may wish to adhere
to the policy that no increased financial incentive, 111 from (38), should be
allocated to local school districts who provide additional graduates in occu-
pational programs where the projected supply already exceeds the demand.
In this case, the appropriate set of 'cuts in the objective function and their
corresponding constraints can be removed from the model, since in the
optimal solution set the comparable x*ij's would all be zero. This is not
to infer that local school districts will not receive reimbursement for addi-
tional students in that occupational program. The standard reimbursement
h', from (38) will be allocated to the local district for all enrollments not
authorized to receive the special financial incentive hi.

On the other hand, the decision-maker may not wish to be constrained
by the outputs of the other training institutions in the LMA. In this case,
the model can easily be adopted to allow for increases in the xij's for that
particular occupation. The appropriate LMA constraint in (31) con be
replaced by

where

Qi =

xii = Qi
j = 1

(39)

the output of program i in excess of cl, which the SDE
will support with the finor:ial incentive hi.

In either cose above, the model can be utilized. It should be clear, how-
ever, that decisions about honoring the appropriate constraint in (31) or
the modified constraint in (39) rests ultimately with the decision-maker not
the model builder. His role is not to determine policy but rather to provide
the decision-maker with information on the performance of the system if
a porticulir alternative funding policy would be implemented.

3.1 Summary

The optimal solution for the model discussed in this chcpter provides the
State Board of Education a solution to its original question as shown below.

How can the SOE most efficiently allocate a fixed level of
vocotionol-technical education funds (input) to the public schools
so that the output of graduates from these vocational programs at
the local level make the most significant contribution toward
reducing the existing demands of the labor market?
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The model, based on a supply-demand criterion, provides new knowledge
that the State Board of Education con use to determine its actual allocation
policy. Viewed in its proper perspective, the economically efficient pattern
of resource allocation yielded by the model is in competition with other
allocation plans based on noneconomic criteria. The purpose of the model
is not to make decisions for the State Board of Education (no model makes
decisions), but rather to provide the Board with new information which can
be used to formulate decisions about the allocation of vocational education
funds to public schools.

In the next chapter, the model is applied to a selected set of vocatipnal-
technical education programs in the Philadelphia, Pennsylvania IAA. A
solution such as the one described in (29) above will be generated.
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Chapter Four

Application of the Model in a
Pennsylvania Labor Market Area

In this chapter, the educational planning model is applied to a Penn-
sylvania LMA. Using the procedures developed in the previous chapter and
the appropriate data from the Philadelphia MA, optimal solutions are
generated for o selected set of vocational-technical programs. The solutions
provide the SDE with new information that can be used to determine future
funding policies for public school vocational- technical education programs.

Using the Philadelphia LMA In the initial application of the model has
a number of advantages. These con best be seen in a few of the character-
istics of the region.

1. This five county area has a population of 3.7 million, which is

approximotely one-third of the entire population of the Commonwealth.

2. Vocational-technical education programs in this LMA are currently
expanding to accommodate the manpower needs in the labor force which
now exceeds 1.69 million workers.

3. This geographic area contains a significant number of comprehensive
high schools and area vocational- technical schools with vocational education
programs. for example, all school districts in the LMA operate at least
two programs In Business Education.

4. The LMA has the largest concentration of postsecondary vocational-
technical education schools and progroms in the Commonwealth.

5. The training institutions in the LMA provide better than 29.2 percent
of the total vocchionol-technicol education graduates in the state.

6. Local school districts in this LMA vary in size from a small rural
district to a large urban district such as Philadelphia with a combined total
full-time elementary and secondary enrollment in excess of 293,000.

The Philadelphia LMA contains a labor force who are employed in five
Pennsylvania and three New Jersey counties. This analysis, however, deals
only with the supply and demand data for the Pennsylvania counties. These
are ucks, Chester, Delaware, Montgomery and Philadelphia. This five-
county area coincides with the geographic boundaries of the Southeastern
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Region, a subdivision of the Coinmonwealth, used by the Pennsylvania State
Planning Board for econom;c planning and development.'

AN OVERVIEW OF PROGRAMS IN THE MODEL

The vocational-technical education programs included in this application
of the model are from the area of Business and Distributive Education?
The total output of public school graduates in these two program areas
currently account tar approximately:

1. 68.3 per cent of the graduates in Business and Distributive Education
programs in the LMA.

2. 72 percent of oil public school vocational-technical education gradu-
ates in the LMA.

3. 36.4 percent of the total output of vocational-technical education
graduates from all programs operating in the various training institutions
found in the LMA.8

Specifically, the model Includes three instructional programs in Business
Education and one general category for instruction in Distributive Education.
In this application, there are 20 variables, one for each instructional program
In each of the five counties.

The instructional programs In Business Education include:

1. Accounting Clerk and Bookkeeper (14.0101 to 14.0105).

2. General Clerical Occupations (14.0301 to 15.0303).

3. Stenographic and Secretarial (14.0701 to 14.0703).4

Hereafter, these above will be labeled Bookkeeping, Clerical, and Steno-
graphic, respectively.

'A description of additional characteristics and demographic measures about this reicn
can be found In the *Pennsylvania State Planning Board publication entitled, Pannsyfvonia4
Raglans: A Surrey of the Commonweatth, ( Harrisburg: PSI% 1967).

' Other subdivisions of vocationaltachnkol education programs in Pennsylvania Include
Agricultural, Technical, Trod* and Industrial, Health and Horn* E:onomics Education. These
are explained In Waller N. Arnold Ind), Vocational, Technical and Continuing Education in
Pennsylvania: A Systems Approach to Vors-Local Program Planning (Harrisburg: Pennsyl-

vania Dspartment of Education, 1969).

Ibid., pp. 184-10. The statistics above were derived using the dr.ta published In Tables
94 and 93.

'These Instructional programs and their corresponding code nontors from the U. S. Office
Ctossitcation Schema con be found In Voccrtionol Education and Occupations, 0E-80061,
(Washington, D. Ca Government Printing Office; July, 1969). This publication describes 04
characteristics of all occupational programs and allows the researcher to link vocational
Oar:tints programs with the U. S. Department of labor's Dictionary of Occupational Titres.
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Distributive Education is comprised of programs of occupational instruc-

tion in the field of distribution and marketing. Distributive Education

programs are relatively new and not common in most public secondary
schools. In this application, the different types of Distributive Education
programs are aggregated. The oppropriote U. S. Office of Education code
numbers are 04.0100 to 04.1200, and Distributive Education will, hereafter,
be replaced by the term, Marketing.

DATA PRESENTATION

The data necessary to complete phase one of the model, the supply-
demand postures, are presented in Section 4.1. The data for the parameters
ond the formulation of the linear programming model of phase two ore
contained in Section 4.2. In each case, these sections will follow the outline
of phases one and two from the previous chapter. Model solutions are
presented in Section 4.3.

The planning period in this application is three years. It begins with
the school year 1968.9 and ends with the school year 1970-71. Since this
study is conducted in the early part of 1970, the system is theoretically in
the second year of operation. For the purpose of this investigation, it is

assumed that the application is carried out at the termination of the base
year of the planning period. This assumption does not change the pro-

cedures or outcomes of the Investigation.

4.1 The Supply-Demand Posture for the Philadelphia LMA

The purpose of this phase is to calculate a supply-demand posture for
the four vocotionol programs in this application of the model. The supply-
demand posture indicates the LMA demands not satisfied when current
program levels (enrollment trends) are unchanged for the second ond

third year of the planning period. The results of this phase provide the data
to determine the LMA and school capacity constraints for the linear

programming model.

Table 1 contains the graduates of all four programs by county for the
first year of the planning period. Table 2 contains the projections of gradu-

ates in these programs for the three-year planning period. Here it Is assumed

that graduates In the third year are equal to the comparable number of

graduates for the previous year. This assumption is outlined in the discussion

following (5) in Chapter Three.6

'All numbers In parentheses; loch as the one oboe*, refer to the functions end rotation.
ships outlined In Chapter Three.
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The column totals in Table 2 correspond to the Xi's in (16). The values
for i in this application are defined such that

1 = Bookkeeping.

2 = Clerical.

3 = Stenographic.

4= Marketing.

and the valves for j, the counties, are defined such that

1 = Bucks.

2 = Chester.

3 = Delaware.

4 = Montgomery.

5 = Philadelphia.

The values for t, the years in the planning period, are defined such that

1 = the fiscal year ending June 30, 1969.

2 = the fiscal year ending June 30, 1970.

3 = the fiscal year ending June 3D, 1971.

The adjusted totals in Table 2 represent A*, in (23) where al = 0,80 for
all 1.

Table 3 contains the projections of postsecondary vocational education
graduates in the LMA for the Ease year of the planning period. Since

certair types of training Institutions described In Chapter Three do not offer
programs in the area of Business and Distributive Education, the values for
k in (}7) are modified, such that

1 = Community Colleges.

2 = Private Business Schools,

3 = Manpower Development Training Act Progroms.

4 = TwoYear Programs in Colleges and Universities.

5 = Private Junior Colleges.

Table 4 shows the three-year projections of postsecondary graduates.
The colurn,1 totals in Tab's 4 correspond to the B't In (17), The adjusted
totols In Table 4 correspond to the Pi in (24) where bi = 0.95 for all i.

Table S shows the decision-maker the end product of phone one the

shortage of trained groduotes in the Philadelphia LMA by occupational
program. This table corresponds to (25). At this point, the decision-maker
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can use these projections of unmet demands in Table 5 to formulate his
choices about program chonges he wishes to initiate in the public schools.
These decisions will then be translated into parameters which are used in
phose two. In this application, no supply figure exceeds the corresponding
demand. In fact, there exists a large discrepancy in oll four cases.

4.2 The Linear Programming Model for the Philadelpha LMA

The purpose of developing a linear programming model in phose two
is to generate an optimal solution for the Philadelphia LMA given informa-
tion on (1) the unmet demands of the LMA, (2) constraints on the desired
additional prc4ram capacity of the public schools, and (3) a set of budget
constraints. This latter set of information is based on the vocational-technical
education funds that the State Board may use to encourage public schools
to produce additional graduates in the third year of the planning period.
Since the vocational-technkal education programs in this application take
two years to complete, these additional students would begin their program
in the second year of the planning period.

The optimal solution to the linear programming model provides the
State Board of Education with new information to improve future resource
allocations for the public schools 'n the LMA. Various alternatives that the
State Board may wish to Investigate are formulated in the const'air.t set of
the model. The objective function is linear. It is designed to prox:mize the
output of additional groduates in each vocational-technicol education
program.

THE OBJECTIVE FUNCTION

The objective function in this application can be written

Moximize
4 5

--:-- X X xii
I = 1 j = 1

(40)

where

Z a scalar representing the total output of additional graduates
in the third year of the planning period.

xu = the output in program i from county I.
I = 1, 2, 3, 4 (vocational-technical education program.).
I = 1, 2, 3, 4, 5 (counties in the Philadelphia LMA).

The constraints that follow represent restrictions on the values of the
xu's. Specifically, the constraints represent various alternatives that the
Stote Board wishes to put on the additional number of graduates they will
support.
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LABOR MARKET AREA CONSTRAINTS

LMA constraints are formed using the data from Table 5. In this applica-
tion, gj = 1 for all i. Hence, C*1 = di for all occupational programs.
Using the di's from (28), the constraints are formed below.

5
xjj < 3245 .

= 1

5I x2i < 16159.
= 1

5
xaj < 4485 .

1 = 1

5
E x4j < 10594.
= 1

These four inequalities insure that the additional output from the public
school does not exceed the unsatisfied demands of the LMA for each
occupational in the model,

SCHOOL CAPACITY CONSTRAINTS

The school capacity constraints developed below allow the SCE to
reflect its judgments about the future performance of tl.e public schools
in the Philadelphia LMA. Capacity constraints are expressed in terms of
the increased number of graduate,' that the SCE desires to producn to ea:h
county. Table 6 provides a typical sot of progrom increases that the decisio'N
maker would be expected to provide. Upper and lower bounds on the x j's
indicate minimum and maximum program growth that the SDE deli.

Notice that for Philadelphia County () = 5), the upper and lower bounds
for eoch program are less than those for the other counties. This is becousa
the Philadelphia School District is the only district In that county. All other
counties have at least nine districts offering one or more progroms.

The data in Table 6 can ects!iy be translated into the constraints described
in (32). For example, using the table entry in row one, the appropriate
constraint is 24 < x11 < 48. The other nineteen constraints con be set up
In a similar manner.
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TABLE 7. SUMMARY OF THE SCHOOL CAPACITY CONSTRAINTS
BY COUNTY

County
Total Number of

Graduates in 1970 ch Tj

1 1,127 0.20 225

2 842 0.20 168

3 1,667 0.20 332

4 1,232 0.20 246

5 6,540 0.20 1,308

The data in Table 7 indicate the total maximum number of additional
groduates that the decision maker wishes to generate in each county. Using
the data in Table 7 and description of the constraints In (36), the total
school capacity constraints can be formed for each county.

4
xi < (45)= 1

4
2 xi2 < 168. (46)

1 = 1

4
I Kis < 332. (47)
=. 1

4
1: xi., < 246. (48)
= 1

4
X x11 < 1308. (49)

1 = 1

Although the maximum percentage of total increase in graduates from all
four programs varies from county to county (as con the fit and t'sj for each
variable in the model), all qt from (36) are set at 0.20 for this particular
application.
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TABLE 8. SUMMARY OF THE BUDGET CONSTRAINTS BY
OCCUPATIONAL PROGRAM

Occupational
Program County hi rtl h,rii

1 1 150.00 1.11* 167.00
1 2 150.00 1.16 174.00
1 3 150.00 1.09 164.00
1 4 150.00 1.06 159.00
1 5 150.00 1.15 173.00

2 1 100.00 1.19 119.00
2 2 100.00 1.12 112.00
2 3 100.00 1.10 110.06
2 4 100.00 1.17 117.00
2 5 100.00 1.12 112.00

3 1 200.00 1.09 218.00
3 2 200.00 1.17 234.00
3 3 200.00 1.06 212.00
3 4 200.00 1.11 222.00
3 5 200.00 1.18 236.00

4 1 150.00 1.08b 162.00
4 2 150.00 1.16 174.00
4 3 150.00 1.09 164.00
4 4 150.00 1.07 161.00
4 5 150.00 1.19 179.00

'The ro's far Business Education programs derived from ths Business Education Annual
for-arts, Pennsylvania Dopoement of Education Form PISE-50 (Rev. 3/68) submitted by Indi-
vidual school distrkts.

b The ril's for Distributive Education programs derived from the Distributive Education An-
nual .sports, Pennsylvania Deportment of Education form POSE192 (Rev. 3/68) submitted by
Individual school districts.

BUDGET CONSTRAINTS

Since the state does not have unlimited resources to finance voca-
tional-technical education programs, the decision-maker must specify a
filed maximum level of funds per program that con be allocated for this
purpose. Table 8 provides the information necessary to form the required
budget constraints outlined in (38). The value of each hi in this table
is the fixed (mount of vocational education funds allocated to a school
district for every additional student enrolled in program i.

Notice that the allocation Is based on odditional students enrolled rather
than additional graduates. This allows the tDE to support an Initial addi-
tional enrollment sufficient to generate the appropriate number of additional
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graduates two years later. Hence, rlixii indicates the initial additional
enrollment necessary to generate xii groduates two years later. Further,
there is no reason to expect that each rij from (38) must equal the corre-
sponding fli2 from (19). This would hold only v 'len the attrition rate is
constant from year to year. With the expansion of program enrollments
and the continued improvement of vocational guidance, this is not likely.

Using the data from Table 8, a budget constraint can be formed for each
occupational program in the model.

5
X hirixu < 60000.00.
= 1

5
h2resx2i < 100000.00.

i = 1

5
E !worm < 80000.00.

I = 1

5
E houxri < 100000.00.

1 = 1

The entire set of constraints and the objective function have been form-
!Wed. These equations and Inequalities can now be transformed into the
appropriate form to run the IBM 360 mathematical programming algorithm.

4.3 Solutions to the Model

Using the objective function and the constroints outlined in Section 4.2,
on optimal solution can now be calculated. The optimal solution and the
subsequent Information that can be presented to the decision maker are
shown in Tables 9 through 13.

Table 9 contains the summary of the solution set outlined In (29), Z0 Is
the total additional graduates and each x% in the optimal solution is

defined by using the entry In the table nom to the appropriate occupational
program and county. The optimal solution appears in the column labeled
graduates. The other column labeled enrollments Includes the number of
enrollees necessary to generate the x*ii graduates at the completion of the
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two-year program. The enrollments equal rox'.1,, First year allocations per
county ore based on enrollments. This can be seen in the budget constraints
in (50) through (53).

The x*'s found in the column of Table 9 labeled Graduates are
not all integers in the optimal solution. Where the activity level is

not expressed as an integer in the optimal solution, that x*u is rounded
to the nearest integer satisfying the constraints. Hadley notes in such
circumstances "this is frequently done in practice and is a perfectly valid
approach when the values of the variables ore sufficiently large that rounding
has a negligible effect." If the budget constraints, (50) through (53), are
removed from the constraint set; each activity level in the optimal solution
would be expressed as an integer.

eased on the optimal solution, a set of additonal information can be
prepared for the decision-maker. Table 10 shows the allocation of funds
to each county for each program in the model. Also, no budget limitation
expressed in the budget constraints is exceeded.

Table 11 provides the decision-maker with the actual percentage of
increase in graduates by county and by program. The lower and upper
bounds for each county in the table represent the corresponding tu and t'u
specified by the decision-maker in Table 6 prior to the calculation of the
optimal solution. Notice that neactval increase in program output for
any entry exceeds the range for x*i, set by the upper and lower bounds
in Table 6.

In Table 12 the decision -maker is provided with the actual percentoge
of increase in the total number of graduates per county resulting from
the optimal solution. The column labeled Maximum increase represents
the q,'s specified by the decision-maker in Table 7. Notice that the actual
percentage of Mom* in the total output Is less than or equal to the
corresponding maximum increase specified by the decision-maker prior to
calculating the optimal solution.

Table 13 shows the new supply-demand posture that would result from
the additional 1971 graduates described in Table 9. In this table, it is

assumed that 90 percent of the additional 1971 graduates would enter
the Inbor market upo.t completion of their training.

The Information In Tables 9 through 13 provides the decision-maker with
a set of information describing the long-range consequences of implementing
an optimal solution. This type of planning data Increases the information

sOftre Hod* Hon !Immo end Dynamic lrogremnang, (Reeding, Mestechuses: Add,ren-
Mukry Publishing Company, p. 231.
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TABLE 9, SUMMARY OF THE OPTIMAL SOLUTION TO THE LINEAR
PROGRAMMING MODEL FOR THE PHILADELPHIA

LABOR MARKET AREA

Item Description Graduates Enrollments

Total Additional Graduates 2,119 2,395

SUMMARY BY PROGRAM

Accounting

Bucks 48 53
Chester 36 42
Delaware 78 85
Montgomery 70 74
Philadelphia 68 78

Total 300 332

General Clerical

Bucks 58 69
Chester 60 67
Delaware 89 98
Montgomery 70 82
Philadelphia 610 683

Total 887 999

Stenographic

Bucks 68 74
Chester 49 57
Delaware 101 107
Montgomery 60 67
Philadelphia 80 94

Total 358 399

Marketing

Bucks 50 54
Chester 23 27
Delaware 64 70
Montgomery 46 49
Philadelphia 391 465

Total 574 665

SUMMARY BY COUNTY

Bucks 224 250
Chester 168 193
Delaware 332 360
Montgomery 246 272
Philadelphia

Total

1,149

2,119

1,320

2,395
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TABLE 10. SUMMARY OF THE ALLOCATION OF VOCATIONAL
EDUCATION FUNDS RESULTING FROM THE OPTIMAL SOLUTION

TO THE LINEAR PROGRAMMING MODEL

Item Description Allocations
1

1Total Allocation 329,250.00
SUMMARY BY PROGRAM

Accounting

Bucks 7,950.00
Chester 6,300.00
Delaware 12,750.00
Montgomery 11,100.00
Philadelphia 11,700.00

Total 49,800.00

General Clerical

Bucks 6,900.00
Chester 6,700.00
Delaware 9,800.00
Montgomery 8,200.00
Philadelphia 68,300.00

Total 99,900.00

Ste nog. aphrc,

14,800.00Bucks
Chester 11,400.00
Delaware 21,400.00
Montgomery 13,400.00
Philadelphia 18,800.00

Total 79,800.00

Marketing

Bucks 8,100.00
Ch ester 4,050.00
Delaware 10,500.00
Mon rgomery 7,350.00
Philadelphia 69,750.00

Total 99,750.00

SUMMARY BY COUNTY

37,750.00bucks
Chester 28,450.00
Delaware 54,450.00
Montgomery 40,050.00
Philadelphia 168,550.00- -----

Total 329,250.00
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TABLE 11. SUMMARY Of THE PERCENTAGE OF INCREASE IN
1971 GRADUATES BY OCCUPATIONAL PROGRAM RESULTING

FROM THE OPTIMAL SOLUTION TO THE
LINEAR PROGRAMMING MODEL

Item Description
Lower
Bound

Upper
Bound

Actual'
Increase

Accounting

Bucks 10.0 20 0 20.00
Chester 10.0 20.0 20.00
Delaware 10.0 20.0 14.69
Montgomery 10.0 20.0 20.00
Philadelphia 5.0 20.0 10.00

Total - - 15.04

Ge,,eral Clerical

Bucks 15.0 25.0 15.00
Chester 15.0 25.0 25.00
Delaware 15.0 25.0 25.00
Montgomery 15.0 25.0 25.00
Philadelphia 10.0 20.0 20.00

Total - - 20.55

Stenographic

Bucks 10.0 20.0 17.94
Chester 10.0 20.0 15.31
Delaware 10.0 20.0 19.24
Montgomery 10.0 20.0 11.47
Philadelphia 5.0 10.0 10.00

Total - - 14.11

Marketing

Bucks 20.0 40.0 40.00
Chester 20.0 40.0 24.21
Delaware 20.0 40.0 20.00
Montgomery 30.0 10.0 40.00
Philadelphia 10.0 20.0 19.47

Total - - 21.89

Actual Increase Is ospressod as a percentage elorhrod from the folio of additional °redo-
otos In 1971 to corresponding number of total groduatis In 1970.
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TABLE 12. SUMMARY OF THE PERCENTAGE OF INCREASE IN

1971 GRADUATES BY COUNTY RESULTING FROM THE

OPTIMAL SOLUTION TO THE LINEAR PROGRAMMING MODEL

County Maximum Increase Actual Increase'

Bucks 20.0 19.86

Chester 20.0 19.95

Delaware 20.0 20.00

Montgomery 20.0 20.00

Philadelphia 20.0 17.57

Total 19.57

'Actual Increase is expressed as a percentage derived from the ratio of additional gradu-

ates in 1971 to corresponding number of total graduates In 1970.

base upon which policy decisions about future resource allocations are

made. The planning data are generated in keeping with the guidelines

of PPBS, which allow the decision-maker first to focus on inputs and outputs

rather than Inputs alone and second to build in n dimension over time that

tries to see today's decisions in terms of their longer term consequences.

4.4 Discussion of the Model

In terms of the model described in Chapter Three, phase two requires the

decision-maker to provide the following parameters:

1. mu, the minimum percentage of Increase in program i in school f.

2. nu, the maximum percentage of Increase in program i in school E.

3. qt, the maximum percentage of increase in the total output of county E.

4. hi, the fixed amount of vocational education funds allocated to the

public schools for each additonal student authorized to enroll in program i.

5. H1, the fixed amount of vocational education funds to be allocated to

support additional students in program i.

6. ru, the percentage of students in program i in county necessary to

produce the desired number of graduates at the completion of the two-

year program.

These parameters are used to define the constraint set of the model. This

application of the model in the Philadelphia MA requires only 17 seconds

of computer time to generate a solution using the mathematical progrom-
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ming algorithm and an 18M 360-67 computer. Since it has been demon-

strated that this is a relatively inexpensive model to run, a number of

optimul solutions for different alternatives specified by the decision-maker
in 1 through 6 above could be generated. For example, the model could

be run using higher or lower budget constraints for each program. The

decision-maker might also wish to alter the minimum and maximum program

growth or reduce the fixed amount of subsidy for each student. The model

can easily reflect any of these changes in the parameters specified by the

decision-maker.

The purpose of this applicotion has been to exhibit the capability of
the model to provide the decision-maker with new information to formulate
policy decisions about the future resource allocations to certain vocational-

technical education programs in the Philadelphia LMA. No attempt is made

in this study to investigate other selected optimal solutions that could result

from changing the decision-maker's parameters In 1 through 6. An infinite

number of possibilities exist. Other optimal solutions would be generated by

formulating the linear programming model in the same manner as outlined

in Section 4.2.

VARIABLES IN THE MODEL

In Chapter Three the model hat been constructed for i programs In I

counties. In this application there were only four programs and five coun-
ties which resulted in 20 variables In the model. It should not be concluded

that future applications of the mode' are limited to such a small number of

variables. For example, Bruno has shown in a similar educational planning
model that 92 variables resulting in a 182 by 92 matrix con be easily

and Inexpensively solved using the IBM 360 mathematical programming
o'gorithm.7

FUTURE ALLOCATIONS OF VOCATIONAL FUNDS

The budget necessary to implement the results of the optimal solution

In the kcal school districts for the second year of the planning Is described

in Table 9. if the SDE wishes to provide the local school with the same
financial incentive for these additional students when they enter the second

year of their two-year vocational-technical education progrom, a similar

budget would be prepared the tollowing year.

The model does not specify that the financial Incentive should be given

For the additional students in their second year of the program. This option

limn E. Crime, "An Altsrnotive to the Use of Simplistk formulas for Determining State

Rotolo*, Allocation in School Monts Programa," Amorkon fiivcational flostiorch Journal,

6: 49S; Ncemnatsor, 1969. ,
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rests with the decision-maker. Possibly the financial incentive, 1%, could be
viewed as "seed money" given only in the initial year. In this case, "seed
money" could be used the following year to generate new enrollments in
other occupational programs also having a c,itical shortage in the LMA but
not included in the current application of the model.

IMPLEMENTING THE SOLUTION

The solution to the model in Table 9 is expressed in terms of additional
graduates per program per county rather than per program per school
district. The value of using counties rather than school districts bcs been
discussed in Chaptar Three. To implement the solution, however, the SDE
must ultimately specify the number of additional students per school district
who will receive the financial incentive 1%.

One approach to this problem would be to allow each school district to
claim an appropriate reimbursement for additional students wing the for-
mulas below.

Xits < waTup- (54)

WUp = (55)

where

Xop = the additional students in program i in school district p
in county i who are eligible to receive the financial In-
centive hi.

the actual increase in students in program i In county I
reflected in the optimal solution. (The figures are con-
tained In Table 11 as percents and should be converted
to decimals.)

the first year students in program I in schcsAl p of
county I during the year ending J. Me 30, 1989.

Wu, = t' e allocation of vocational funds to school district p In
county for additional graduates In program f author-
ized to receive the financial incentive hi.

p = 1, 2, ..., r (the local school districts within a county).

Possibly all schools would not wish to expand their enrollments to the level
of the optimal solution. In this case, the Inequality In (54) would told.
Hence, an alternative method for allocating the financial Incentive to spe-
cific local school districts should be developed. It should be clear, however,
that the solution to the linear programming model con be calculated Inde-
pendent of any particula policy developed for allocating the budgets in
Table 10 to local school districts within counties.
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4.5 Summary

The application of the educational planning model to selected vocational-
technical education programs in the Philadelphia LMA indicates that linear
programming techniques can be utilized effectively by states to provide
valuable information for determining future resource allocation policies in
vocational education. Specifically, the model provides a method for exam-
ining the long-term consequences and budget requirements for alternative
strategies that the decision-maker may wish to implement in the state system.

it is important to note that the optimal solution to the model not only
provides a measure of the maximum number of graduates that the public
schools could generate, but also forms the basis for constructing other
decision-making information that should influence resource allocation strafe-

This information and the manner in which it should be presented to
the decision-maker has been outlined in Tables 9 through 13. This add%
tiona' planning information includes:

1. The initial enrollments necessary to generate a specific number of
graduates in a program taking two academic years to complete. In this
case, the decision-maker is forced to review not only the producton of gradu-
ates but also to consider the attrition rates thot exist within programs.

2. The budget necessary to support each program in each county. This
allows the decision-maker to review the state system as a set of input-output
or production relationships. The inputs ore the vocational education funds
allocated by the state while the outputs of the system become the number
of trained graduates resulting from the particular allocation of funds.

3. The net effect of the output of graduates on the supply-demand pos-
ture In the LMA. This allows the decision-maker to view the result of his
oltornative In terms of the number of LMA demands that would be satisfied
by she production of additional graduates. He is forced to distinguish be-
tween graduates of occupational programs and its actual number of gradu-
ates who enter the labor market upon completion of their program.

It should be clearly understood that the mathematical planning model
does not make decisions nor con it replace judgment on the part of the
decision-maker. The model is designed to aid and support the decision-
maker by providing information that allows him to be much clearer about
the Implications of different alternatives.

Finally, it has been shown that the educational planning model devel-
oped in this study provides a relatively inexpensive method for investigating
various alternatives regarding the future performance of the vocational edu-
cation system. It Is inexpensive for two reasons. First, the modal uses exist-
ing data which have already been gathered for accounting and reporting
purposes. Second, the computer time necessary to derive solutions for the
model Is less than two minutes.
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Chapter Five

Summary and Conclusions
The purpose of developing the mathematical programming model in this

investigation has been to provide the decision-maker, the State Board of
Education, with new information to evaluate decisions about the efficient
allocation of vocational education funds to local school districts. The mathe-
matical model has been designed specifically to answer the following ques-
tion posed by a State Board of Education.

How con the SDE most efficiently allocate a fixed level of
vocational-technical education funds (input) to the public schools
so that the output of graduates from these vocational programs
at the local level make the most significant cuiitribution toward
reducing the existing demands of the labor market?

Given this c% it has been demonstrated that linear programming
techniques can be effectively utilized to provide valuable information for
determining future resource allocation policies in vocational edue .tion.
Specifically, the model can provide o method for examining the long-term
consequences of alternative strategies that the decision-maker may wish to
implement in the state %.ystem.

The model has been developed in keeping with the guidelines set forth
in the PPBS which force the decision-maker

L To focus on inputs and outputs rather than inputs alone.

2. To assure the decision - maker a choice of valid comparable alternatives.

3. To build In a dimension overtime that tries to see today's decisions in
terms of their longer term consequences.

The application of the model to the Philadelphia LMA shows that these
guidelines have been utilized to generate appropriate planning informa-
tion for the decision-maker. In the application of the model, emphasis has
been placed not only on the solution to the model, but also on the type of
adational Information that can be givin to the decision-maker as a re,ult
of the SOMIO.N. This Information includes budget requirements by program,
enrollments neceuary to generate future graduates and the net long-term
effect of the decision-maker's strategy on the future supply-demand posture
of the labor market.
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It has been demonstrated that the model formulates a generalizable pro-
cedure that can be applied to any labor market in the stale. In fact, since
labor markets are federal subdivisions, schools across the country exhibit
similar organizational characteristics and State Departments of Education
have similar decision-making structures, this model provides a procedure
that con be applied in any state. The generalizability of the model is
also enhanced by the fact that the administration of vocational education
programs in every state must follow the regulations set forth in the guide.
lines provided by the U. S. Office of Education.

One valuable property of the model developed in this investigation is
that it uses data which currently exist in State Departments of Education.
These data have been used in the past few years almost exclusively for
accounting and reporting purposes. The model has provided a guide for
demonstrating how such data can be analyzed and structured to improve
the current information base upon which decisions about future resource
allocations are made.

Another principal value of a model such as the one constructed in this
investigation is that it forces the educational planner and the decision-
maker to face explicitly fundamental questions. For example, the planner
must establish an adequate measure of the performance of the educational
system. Also he must be able to express explicitly in terms of the model
such things as differences In the cost of various training programs as
well as variations in the attrition rates in different geographic areas. The
point to be emphasized Is that models and the research associated with
them con help to make these kinds of facts explicit, but the models do not
by themselves provide the basis for deciding which allocations of resources
are appropriate.

5.1 Recommendations for Future Research Using Mathematical Models

The results of the study reported in this dissertation suggest several inter-
esting areas for further study. The objective function in the present model
has been designed to maximize the output of graduates who will enter the
labor market and thus reduce the critical occupational shortages that
currently exist. Future research using a model such as the one set forth
in this Investigation might consider other objective functions that measure
benefits of vocotionol training programs. For example, an objective function
could be constructed to measure long-term gains to the economy that
would result from considering the different lifetime earnings of graduates
employed in various occupations.

If an index could be constructed to relied the number of different
related occupoti I opportunities that would be available for graduates
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from the various vocational-technical education programs, an objective
function could be formulated to maximize the number of employment oppor-
tunities that would accrue to individual students. In this case the objective
might be to

m n

Maximize Z = X X cart,
I = 1 j = 1

where

xis = the number of graduates in program i in county j.

a weight reflecting the number of different occupations
that the graduate of program i would be able to enter
upon completion of his training program.

Z = student benefits resulting from vocational education
programs.

This suggestion relates to the concept of 'cluster training" which is currently
receiving much attention from vocational education curriculum spocialists.'

There are many possible mathematical refinements that one might con-
sider. Suppose the objective is to

rn n
Maximize Z = X X cipcu

I = 1 1 = 1

where cu = WO and fu is a linear function of xis. Then Z is a quadratic
function. When the objective function is Aonlinear (quadratic or more
complex) and the constraints are linear, the model can often be formulated
as a convex programming problem. In this cis*, the separable programming
option in the IBM 360 mathematical programming algorithm could be
utilized to provide close approximations for the convex programming model.

In some educational planning m:tdeis the cu 's and the decision-maker's
parameters (such as those fisted In Section 4.4) might be random varioblos.
Then the mathematical programming problem Involves a stochastic model.
There aa. a number of methods that have been applied to stochastic
programming problems.1 The active and passive approaches to stochastic

ler on excellent discvelon of the cluster emcee see Nein R. Fronts, 911, Closter Con-
cept as co Procne in Vocation& Ideation at the beesdary Lose," In Cathleen Gala and
Core, Memel WO, Reoesetb in VocatIone Idocatice, beadisom Cie,' for Stelhe in
Vocatieed and Tedekel Edecation, Unhorses of Wisconsin, 1967, pp. II3-94.

'ler a korneery see kei k. Sentrea, "The Stalgrity of Trine:04Pd Selvtioes M Stoehastk
Linear Ptegrementing," honoree**, 34: 77.101s September, 1966.
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programming could be applied. Chance -constrain A programming is a
likely candidate, since this approach includes the possibility that a constraint
is violated. In chance-constrained programming (31) and (35) from this
study could be written as

P E xij < Tj) > a, (for all j)
I = 1

n
P E xjj < cl, > (for all i)

j = 1

where Zj and Sr are probabilities not far from 1.0. In the model developed
In Chapter Three the ai's and the iii s have been set at 1.0. Hence, the
model in this study is the deterministic case.

The method of certainty equivalence Is the most common approach
that has been applied to mathematical programming problems with random
variables. In this case, usually the expected value of the objective function
is to be maximized. Mail has applied this technique to models in macro-
economics and the theory of the firm .21

in the near future, as refinements appear in the area of nonlinear and
dynamic programming, one can expect that some of these features might
be Incorporated into education planning models. This study considered
basic constraints and a simple objective Function since its purpose was
merely fo demonstrate the potential usefulness of this approach as a practical
alternative to present methods which do not utilize mc-agement science
or decision theory models.

5.2 Recommendations for Vocational Education Pionners

Vocational education planners should attempt to improve their data trt
the employment patterns of graduates. This type of information becomes
extremely Important to the decision-makers In vocational education. If
long-term planning is to be more effective, the decision-maker must have
accurate information on such factors as mobility patterns, occupational
longevity of graduates and the relevance of vocational training to job
performance. The utility of future models to determine the benefits of
specific vocational education programs would be greatly increased if
student follow-up data such as thole described above could be collected
and analyzed.
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State Departments of Eaucation have played a key role in the adminis-
tration and supervision of federally-financed vocational education since
1917. With the expansion of federal programs in 1963 and 1968, they
have been called upon to play a more important role in planning and
financing vocational education programs. To maintain a sound financial
program, additional research will be necessary to develop more precise
measures of the excess costs of specific vocational programs in comparison
with general educati sn. In dealing with large vocational education enroll-
ments, statements such as "for general planning purposes, it may be
assumed that vocational education classes cost 1.2 or 1.3 times the cost per
student for general classes" will not suffice. More accurate measures of the
costs of specific vocational education programs will be necessary to conduct
thorough economic investigations of expenditures.

Labor market area information, such as the supply-demand postures
developed in phase one of this model, should be disseminated to the Private
Business Schools and the Private Trade Schools. Research on the effect of
forwarding this type of information to the private schools should be con-
ducted. Possibly, this flow of information assembled periodically by the
State Department of Education will Increase the productivity of these institu-
tions. If this is true, then State Departments of Education will have played
a key role in reducing the occupational shortages in the labor market
without directly allocating funds for program expansion.

5.3 Conclusions

During the past few years there has been a rapid development of the
field called management science (not to be confused with the older tradi-
tion of "scientific management" in the sense of time and motion studies).
Management science models, which express the organizational environment
and its dynamics in mathematkal relationships, have successfully been
applied in the fields of low,ineu management, military operations research,
traffic engineering and regional planning. Although the utility of such
models has been demonstrated In areas listed above, kw educational
planners are making use of ihse modern management approaches.

The results of this study have demonstrated that management science
models can be of practical value to edunation planners at the state level.
Specifically, this Investigation has show.. that linear programming tech-
niques, a management science tool, can be effectively utilized by State
Departments of Education to provide valuable new information for deter-
mining future resource allocation policies In vocational education. The

flexibility of linear programming techniques demonstrated in this study
seems to offer some evidence that this type of model con be effectively
applied to similar educational planning operations at tne federal, state,
regional and local levels.
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